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PREFACE 



Mjny aspects of building performance are not determined by any one characteristic 
but depend on a high degree of coordination among building concepts, components 
and procedures. Hertofore, there has been no concerted appraisal of these factors. 
Certainly, widespread interest in the concept of building systems is evidence of a 
clear need for a more rational approach to design and construction. The idea that a 
building is a collection of systems-a structural system, a mechanical system, an 
electrical system, and so on-is not new. What has evolved more recently is the 
conceptualization or the total building process as a system. 

Conclusions and design criteria in this manual are the result of detailed analytical 
studies aimed at providing a comprehensive system for developing economical and 
adaptable academic facilities. The systems approach— a strategy of problem 
examination, definition and solution whereby the interaction among elements is 
analyzed in terrr^s of an immediate problem and its larger content— was used. 
Traditional methods of independent or ad hoc treatment of various building factors 
were specifically avoided. Building performance characteristics, costs, user activities, 
adaptability, development time and *nterrelated environmental conditions were all 
important areas for re'^earch. A recurrent theme in all stages of ABS research and 
development was the relationship of building performance to cost. 

To determine performance requirements for the ABS system, university faculty, 
staff and studetits who occupy existing facilities were interviewed in depth. In 
addition, a series of background studies explored academic methods for trends that 
would indicate a different emphasis in the way academic buildings may have to meet 
the needs of future users. Detailed analyses of major buildings measured existing 
levels of performance and cost. The main strength of the ABS system lies in the 
connection between these studies of user requirements and cost/performance 
characteristics. 

Typically, system analysis is effective in problem definition and resolution; however, 
the traditional skills of design professionals are still needed to respond imaginatively 
to non-explicit environmental needs. During the analytical phase wherein the ABS 
system relationships were developed, the major subsystems in academic buildings 
were "uncoupled," that is, clearly separated from the rest of the building to 
establish radically simplified interface conditions. With these conditions established, 
aministrators, design professionals, manufacturers and contractors can deal with 
manageable increments of the total building problem on their own terms. 
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The procedures, planning concepts and subsystems presented in this manual should 
be viewed as an on-going program rather than terminating here. New performance 
requirements will evolve as the activities within buildings change. Better building 
products are constantly beir>g developed and marketed by industry. More efficient 
building techniques will be periodically introduced. An evaluation of ABS in its 
early stages of use will perhaps reveal unanticipated problems that will need to be 
eliminated in subsequent applications. 

The maximum benefits from ABS lie in the years ahead. From practical feedback on 
initial installations and from in-place performance evaluations by many people over 
a series of building projects, refinements and enlargements of the ABS system will 
evolve. The information in this manual provides a coordinated system for developing 
academic buildings; it also provides the base for an evolutionary academic building 
system program on a nationwide basis. 
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A. 


INTRODUCTION TO ABS 


A-1 


BACKGROUND 

Academic buildings for institutions of higher education are becoming increasingly complex 
and costly to build and maintain. Many facilities attain early obsolescence as technology, 
teaching methods and subject emphasis, as well as university size and organization, 
continually change. Conventional scheduling of programming, design and construction 
requires several years from a building's inception to its occupancy. During this period, new 
academic programs can be accommodated only by time-consuming plan revisions and costly 
construction change orders. Problems of obtaining adequate capital funding in the face of 
diminishing resources are compounded by the continually escalating cost of construction. 

When changing programs require building modification, after a building has been occupied, 
alterations are disruptive, time consuming and expensive. Records show that, over the years, 
the cost of alterations for the conventional science or engineering building substantially 
exceeds the initial construction cost of these buildings. 

The Academic Building Systems (ABS) progra.m was developed to provide a more economical 
response to problems in accommodating change than was available through conventional 
approaches. In the ABS approach, adaptability, to permit changes in less time at lower cost 
and with minimum disruption to building occupants, is the most critical aspect of building 
performance. 


A.2 


ABS SPONSORS AND PARTICIPANTS 


A.2.1 


The ABS program is a joint effort of the University of California and Indiana University, 
pioneering the system approach to the construction of academic buildings. Following the 
initial experimental building system program for student housing (URBS), the University of 
California commenced the ABS program in 1968. Indiana University s active participation 
began with funding in 1969. 


fK.2.2 


Financial support came from the States of California and Indiana, Educational Facilities 
Laboratories, Inc., the Office of Education and the Facilities Engineering and Construction 
Agency of the U.S. Department of Health, Education, and Welfare. 


A.2.3 


The two universities engaged the firm of Building Systems Development, Inc., San Francisco, 
as prime consultant for the ABS program. 


A.2 .4 


Preliminary planning of the first ABS demonstration building commenced in late 1970. This 
building is the Science-Engineering-Technology (SET) Building for the joint Indiana 
University/Purdue University campus at Indianapolis. Construction is scheduled for late 
1971. 
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A. 2.5 In late 1970, the Illinois Building Authority proposed to ust' ABS at the University of 

Southern Illinois and to extend application of the ABS system to library facilities at the 
University of Illinois. (Th's effort, however, is postponed because of severe cutbacks in 
capital appropriations.) 

A.2.6 In early 1971 , an appraisal of ABS' applicability to the basic and clinical sciences building fur 
the new medical school at the Davis campus was made for the University of California by 
Architects Stone, Marraccini & Patterson of San Francisco. 

A.3 SCOPE OF ABS 

A.3.1 ABS is a system of coordinated planning concepts, procedures and building components. The 
system responds to the need of higher educational institutions for academic buildings that 
permit reduced time between inception and occupancy, are more efficient and effective in 
use, are far more adaptable to change, and have a substantially lower life cost. 

ABS was developed for those spaces required in the sciences and engineering disciplines— the 
teaching and research laboratories, shops, classrooms, and offices. These space types are 
typical of many academic buildings. Preliminary investigation indicates ABS' applicability to 
a wide variety of academic facilities. 

A.3.2 ABS is the result of coordinating many factors involved in programming, designing, and 
constructing academic buildings. All factors are directly related to cost/performance benefits. 

A. 3.3 The ABS system may be used in toto, or parts thereof may be extracted and applied 

independently as is deemed appropriate for a specific project. However, the maximum 
cost/performance benefits will be derived from full use of the ABS procedures, planning 
concepts and subsystems. 

A.3.4 In using ABS, the owner and his design professional can decide whether to accept the highest 
levels of performance within a given budget or given levels of performance at the lowest cost. 
ABS establishes the cost/performance ranges for such choice. Decisions affecting building 
performance, quality, and cost are made locally. 

A.3.5 ABS is easily adaptable lo the local requirements of different climates, geography and 
preferences. All methods and building materials involved in ABS are non-proprietary and 
readily available from national markets. 
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A.4 


ABS PLANNING CONCEPTS 


A.4.1 


Academic buildings differ tremendously in size, organization and spatial relationships, and 
requirements for services and program adaptability. ABS responds to these requirements by 
providing generalized academic spaces permitting a range of choices in initial building 
configurations and rapid, economical alterations over time. This design concept, adopted by 
ABS, is that of the Non-Specific Building. 


A.4.2 


The concept of the non-specific building is, as the name implies, to provide generalized space 
that can accommodate a wide range of activities and functions at any one time, with options 
for a variety of other configurations as program requirements change. 


A.4.3 


The concept of the non-specific building divides building elements into permanent and 
adaptable elements. The permanent elements form the fixed framework of the building, and 
usually remain unaltered during the half century or so that the building is used. The 
adaptable elements are non-permanent items that can be relocated or replaced as time passes. 
Their initial configuration may be considered simply as the first building alteration. 


A.4.4 


ABS buildings are composed of large (10,000 sq. ft. + 25%) blocks of space called Space 
Modules. Each space module is a one story volume, mechanically independent, and sized to 
permit a wide range of planning choices in internal plan layouts and building configurations. 
Space modules can be stacked and grouped in many ways to form buildings of any size. The 
structural frame of the space module is considered a permanent element. 

A space module can be pretested for its ability to accommodate a range of activities long 
prior to detailed room planning for a building. Plan solutions can then be developed 
according to the program constraints identified for each space module. Further, the space 
module allows an accurate appraisal of the cost, both initially and for subsequent alterations 
as required by changes in activities. The space module is, in fact, the foundation of the ABS 
subsystems and is the basis for the subsystems' interface conditions. 


A.4.5 


A Service Tower, also a permanent element, houses those facilities required to complement 
the academic activities contained in the space module— elevators, stairs, mechanical and toilet 
rooms. The mechanical rooms contain the main vertical distribution of services—plumbing, 
electrical, and HVAC. To minimize the limitations on future adaptability within a space 
module, the service tower is located outside but contiguous to the space module. 


A.4.6 


Horizontal distribution of services is from the mechanical room within a service tower to the 
space module via a service zone above the ceiling in the space module. Depending on the type 
of access required, this service zone is either Deep Service Space with catwalk access, or 
Shallow Service Space with access through the ceiling. The deep service space is particularly 
desirable above laboratory spaces as it permits maintenance, repair and alterations to be 
made with minimum disturbances of the occupants. The shallow service space is appropriate 
in buildings or spaces where changes will be minimal and infrequent. 

Q 
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A.5 

A.5.1 



A.5.2 

A.5.3 

A.5.4 

A.5.5 



A.6 

A.6.! 




ABS PROCEDURES 

Although ABS planning concepts and subsystems can be applied using traditional 
construction procedures, the most significant prospects for reducing initial project costs lie in 
the use of the following three procedures; 

a. Phased Design and Construction 

b. Prebidding 

c. Construction Management 

Phased Design and Construction. Different phases of design and construction begin before 
others are completed. The main objective is to shorten the overall building project time. Use 
of the ABS planning concepts and subsystems facilitates phased design and construction. 

Prebidding. Bids for the supply and installation of components are requested prior to 
bidding for the genera! construction work, to ensure availability and determine actual cost. 

Construction Management. A construction manager is selected much earlier in the building 
process than a general contractor would be. The construction manager becomes a member of 
a team composed of owner, architect and builder, and contributes cost estimating expertise 
as well as knowledge of local markets, materials, and construction methods. 

These three procedures are particularly compatible with the non-specific building and the 
ABS space module concepts. Since, for practical reasons, construction time is incompressible 
after a certain point, it is important to begin construction at the earliest possible time. 
Phased Dasign and Construction allows the construction of foundations and structural shell 
to be started well before programming and design of interiors has been completed. 
Prebidding permits the owner to taka advantage of market conditions and obviates extended 
delivery time. Construction Management provides optimum cost control and the most 
effective coordination of the other procedures. 



ABS SUBSYSTEMS 

The ABS subsystems are those subsystems which, operating together, would most improve 
the performance and/or reduce the costs of construction and alteration for academic 
buildings: Structure 

HVAC 

Lighting-Ceiling 

Partitions 

Utilities Distribution 

The first four of the ABS subsystems represent from 40 to 55 percent of the construction 
cost of an academic building. 
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Son AOS 9 fv d>tcu%w<i Ihis manual only to th6 dcQFM necessary to 'nsure their 

cEs^txMtibtiiiy It** AOS subsystems. 

AOS subsystems are developed to permit appraisal of construction cost relative to levels of 
pe«to«tT>anue A wide ranye of options is available so that the design professional can select 
Its* most appropriate cost/perforrrsance alternatives for his specific project. 



SUMMARY 

Although the importarsce of first cost reduction is not underestimated, the main emphasis of 
the AOS program is on the objectives of adaptability and lower life costs. Hence, the 
aiiernarives offered permit development of the highest continuing facility response to owner 
needs within a programmed budget. As successive projects are designed and constructed, the 
AOS system will provide the following advantages: 

a. More accurate prediction of building construction costs. 

b Marsagement tools for administrative use allowing faster and more effective space 
planning and budgeting of new buildings. 

c. Ouikfings with substantially lower life costs, because alterations will be less disruptive, 
faster, and mor'j economical. 

d. The ability to reduce dtjign time because of basic design and construction decisions 
inherent in the ABS planrir^; -oncepts and subsystems. 

•j. The ability to proceed confidently with design and construction before academic 
programs are established because of the non-specific nature of the design. 

f. The ability to reduce total project time, and cost, because of the design and 
mcnagement tools in the ABS system. 

As each subsystem involves non-proprietary components, ABS allows full recognition of local 
preferences and capabilities and a maximum of competition in bidding. 

Final critical decisions as to costs and the best use of available resources rest with the owner 
arid the design professionals using ABS. 



PLANNING CONCEPTS 



B.1 GENERAL 

B.1.1 An initial step in creating a system for developing more capable academic buildings was to 
establish rational planning concepts or standards as a base for effective decision-making. 

B.1. 2 The ABS planning concepts were not selected arbitrarily but were derived from the 

systematic analyses of academic building requirements, design, cost and performance. 
Constraints inherent in the planning concepts, standards, or modules are justified by definite 
benefits: standardization of planning concepts facilitates programming, provides the base for 
key planning decisions, aids in effective use of the ABS subsystems, and ensures provision of 
adaptable spaces in academic buildings. 

B.1. 3 ABS planning concepts can be used to produce a wide range of design solutions and building 

configurations; they provide for innumerable alternative arrangements, in both initial and 
possible future accommodations. 

B.1. 4 The ABS planning concepts include: the Non-Specific Building composed of permanent and 
adaptable elements; the Space Module with a Ceiling Grid and Mechanical Service Zone; and 
the Service Tower. 

B.1. 5 The assurance of fire safety in using the ABS planning concepts is predicated on the 
incombustible, fire-resistive building of UBC^ Type 1 (noncombustible fire-resistive) 
construction and compliance with the National Fire Codes. 

B.2 THE NON-SPECIFIC BUILDING 

B.2.1 Much of the lack of adaptability in conventional academic buildings stems from an 
unrealistic assumption that the initial occupants are life-time "owners” and that building 
components have equal life spans. Conventional planning focusing on the academic programs 
initially housed in a building is short-sighted; academic buildings should be capable of 
accommodating a variety of programs over the years. 

B.2.2 The concept of a non-specific building recognizes that during the life span of a building its 
occupants will change. Further, the concept differentiates building components in terms of 
useful life spans. For example, structure will be useful for more than a half century; but 
lighting fixtures may be obsolete in a decade. 

Thus, in a non-specific building, its elements are identified as either permanent or adaptable. 



^International Conference of Building Officials "Uniform Building Code." 



PERMANENT ELEMENTS 



B.3 

B.3.1 Permanent elements remain essentially unaltered throughout the life of the building. Once 
their arrangement has been determined in the design process, their positions are neither 
physically nor economically easily changed. Permanent elements are least affected by 
academic program requirements for space relationships, environmental qualities and services 
distribution. 

B.3.2 Permanent elements include the structure, stairs, elevators, fixed walls, toilet facilities, 
mechanical rooms and vertical and horizontal mains for all services. These elements are 
considered separately from, and usually constructed prior to, the adaptable elements. 

B.4 ADAPTABLE ELEMENTS 

B.4.1 Adaptable building elements respond to the academic requirements for specific space and 
services. Each adaptable element is non-permanent— that is, individually removable and 
replaceable with minimum damage. The positions of these elements may be determined after 
the start of building construction; the initial configuration of the adaptable elements may be 
considered simply as the first alteration. 

B.4.2 Adaptable elements include interior partitions, ceilings, lighting fixtures, academic program 
equipment, casework and finishes, and the laterals for all services. 

B.5 THE SPACE MODULE 

B.5.1 The conventional design process commonly uses a room as the ''building block." A room, 
however, must usually be closely interrelated to other rooms, and is not sufficient in size to 
generate economical structural, mechanical and service subsystems. Groups of rooms afford a 
more efficient and desirable planning entity, providing large generalized spaces to 
accommodate academic environments at a scale compatible with the building subsystems. On 
this premise, ABS uses a large, multi-room module as the major "building block" or space 
module as a means for dealing more adequately and economically with problems of 
adaptability, fire safety, structure and services. 



B.5.2 



B.5.3 



B.5.4 



B.5,5 



B.5.6 



O 

ERIC 



Space modules can be coupled, joined, stacked, and arranged in a wide variety of ways to 
form a building. During planning, the building area can be adjusted by increasing or 
decreasing the number of space modules. This capability is a particularly useful tool in times 
of uncertain capital funding. A single building can be enlarged or a complex of buildings can 
be expanded, by adding one or more space modules. 

The space module is a permanent building element providing generalized academic space that 
may change over time. When an acceptable general building program has been established, 
schematic building design proceeds by combining appropriate space modules to achieve the 
desired plan relationships and building mass. 

Advantages of the space module concept can be summarized as follows; 

a. It provides an administrative tool allowing rapid, accurate programming and cost 
control. Each space module, prior to planning a specific building, can be pretested for 
its ability to accommodate a range of academic activities, and its potential for adapting 
to changes after an initial configuration. 

b. It permits an early decision, before programming is completed in detail, on building 
mass and plan configuration. 

c. It circumvents escalating construction costs, as construction can begin before the 
academic program is detailed. 

d. It reduces life costs substantially, as alterations will be much less disruptive, easier and 
more economical. 

Space module restrictions as to maximum length, maximum aspect ratios, and perimeter 
frame separations are established by structural requirements for resistance of seismic and 
high wind loadings or thermal expansion required in some geographic locations. Less severe 
local requirements will permit other alternatives by the design professional. 

The space module is contained in a perimeter structural frame. Two space modules may be 
coupled within a single perimeter frame. Multiple space modules can be connected, provided 
separation of perimeter frames is maintained. 
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B.5.7 THE SINGLE SPACE MODULE 

B.5.7.1 The single space module is a one story, multi-room space of 7,500 to 12,500 square feet. It 



may be either of two basic heights depending on the type of access to mechanical services. 
The space module is internally free of vertical elements except for interior structural 
columns; it is mechanically independent; each space module is divided horizontally by a 
ceiling grid. The space above the ceiling grid is reserved for the mechanical service zone and 
the attending service personnel only. The space below the ceiling grid is reserved for people, 
academic equipment and horizontal circulation. 



B.5.7. 2 The space module functions as: 



a. A programming and planning 
module. 



SPACE MODULE 



b. A heating, ventilating and air 
conditioning module. 



c. A plumbing and electrical 
service module. 



Single story height (14'-7” or 16'-10") 
Area: 7,500 to 12,500 square feet 



d. A structural module. 
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B.5.7.3 Length and Width for a Single Space Module. 



Length : 

parallel with interior girders. In 10 feet increments 
to 200 feet maximum (limited by seismic and 
thermal expansion). 



Width; 

parallel with beam. In 10 
feet increments to 200 
feet maximum (limited 
by seismic and thermal 
expansion). 





11 



f 



A ■' 



15 



B.5.7.4 Aspect Ratio for a Single Space Module. 

The aspect ratio is a maximum of 2:1 for a single space module. It is a maximum of 4:1 
when two space modules are coupled within the same perimeter frame. 




B.5.7.5 Perimeter Frame for a Single Space Module. 

Both the horizontal and vertical envelope perimeters shall be straight and parallel, with no 
indentations, projections or staggering of the perimeter frame. 
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B.5.8 



COUPLED SPACE MODULES 



B.5.8. 1 Two space modules may be coupled within the same structural perimeter frame, subject to 
the conditions described herein. 

B. 5.8.2 Length of Coupled Space Modules 

The maximum length of any side of the perimeter frame surrounding coupled space modules 
shall not exceed 200 feet as limited by sesimic and thermal requirements. 

B.5.8 .3 Aspect Ratio for Coupled Space Modules 

The aspect ratio is variable, with a maximum of 2:1 for the two space modules coupled wihin 
the same perimeter frame. 
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B. 5.8.4 Perimeter Frame for Coupled Space Modules 

Both the horizontal and vertical envelope perimeters of the two space modules shall be 
straight and parallel, with no indentations, projections or staggering. 





B.5.9 



SPACE MODULE AREA RANGE 



Length: parallel with interior girders 
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O Space module closest in area to 10,000 square feet. 

Space module with greater than 2:1 aspect ratio. Use only when 
coupled with another space module. 

The areas indicated are to the inside of the perimeter frame. 
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B.5.10 



MULTIPLE SPACE MODULES 



B. 5. 10.1 Three or more space modules can be connected, subject to the conditions described hnrein. 

J.5.10.2 An individual space module or coupled space modules can be connected with other space 
modules if each grouping is separated by perimeter frames. 




B. 5. 10.3 A different means of connecting space modules is via a service tower. Any staircase therein 
must be organized so as to take care of any required change in floor level. 



service tower 



i:SPACE.MOpULE(S):S$i:i 



WAWAWft::::: 




perimeter frame 





B.5.10.4 



Staggering is possible at the perimeter frame junction and a total build ing length of more 
than 200 feet is possible, if no individual perimeter frame is longer than 200 feet. 




B.6 MECHANICAL SERVICE ZONE 

B.6.1 Each space module contains a mechanical service zone— the space above the ceiling grid. The 
zone contains the plumbing and electrical services, and the HVAC air distribution and returns 
essential to the proper functioning of the academic spaces below the ceiling grid. It has two 
basic heights; one is the Deep Service Space, the other is the Shallow Service Space. 



B.7 THE SHALLOW SERVICE SPACE 

B.7.1 The shallow service space is accessible from below, through the ceiling. 
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B.7.2 The advantage of this type of service space is a lower construction cost, in that services can 

be tightly organized under the structure so that floor-to-floor heights may be minimized. 

B.7.3 Disadvantages are: 

a. Any access to the services interferes with academic functions in the space below. 

b. Spills, dust and debris from maintenance/alteration work can mean that laboratory 
experiments or other academic work have to be stopped while work is in progress. 

c. Some services become inaccessible because they are tightly organized. 

d. Addirtg new services is difficult and expensive. 

e. When making alterations, interference with spaces on other floors is inevitable; e.g., if a 
vMSte pipe is put in, the ceiling in the room below has to be opened, and both rooms are 
disrupted. 

B.7.4 The shallow service space is recommended for facilities that will house academic functions 

with rrvnimal services requirements. 



BB THE DEEP SERVICE SPACE 

B.8.1 The deep service space is accessible by catwalks from the mechanical room in the service 
tovMT. The height is sufficient to enable maintenance and repairs to be done above the 
ceiling. 
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B.8.2 Advantages are: 

a. The additional space permits better organization of services for easier alterations. 

b. Disruption of academic activities is kept to a minimum. 

B.8.3 A disadvantage is the added cost of the increase in floor-to-floor height. 

B.8.4 The deep service space is recommended for facilities that will house academic activities with 
initial and/or continuing extensive service requirements. 



B.9 COMBINATION OF SERVICE SPACES 

B.9.1 A change from the deep service space to the shallow service space may occur vertically and 
horizontally, but only at the junction of space modules. 

shallow service 
space 

deep service 
space 



B.9.2 It is not possible to include both service spaces within the same space module. 



deep service. 

space 

shallow service 
space 




























B.10 

B.10.1 




VARIATION ON THE SERVICE SPACE 

The 16'-10" floor-to-floor height, normally using the deep service space, may also use the 
shallow service space to give a floor-to-ceiling height of 1 1'-S". In this case, the service access 
is through the ceiling only. 
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shallow service space H 
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deep service space 
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B.11 



SERVICE TOWER 



B.11.1 The service tower is a permanent element containing the ancillary facilities and services 
essential to proper functioning of the activities in the space module. Included in the service 
tower are: elevators, stairs, toilet facilities, jan'tor rooms, vertical service mains, and a 
mechanical room for each space module. The service tower is located outside of, but 
contiguous to the space module, to provide uninterrupted loft space and thereby optimum 
adaptability within the space module. 

B.1 1 .2 The service tower is individually designed for each building, with no restrictions on either its 
area or its location outside the space module. It is structurally independent of the space 
module and may be constructed non-ABS. The total height of the service tower will relate to 
the number of adjacent space modules stacked vertically. Both stacking and grouping of 
service towers is expected in order to reduce costs. An overall space saving is afforded, when 
the space module uses the deep service space, by vertical alternate placement of the 
mechanical room and the toilet facilities, as shown below. 



ERIC 




B.1 1.3 Distribution of services from the service tower to any space module is via the mechanical 
service zone. Use of the deep service space permits access to the mechanical service zone 
from the mechanical room in the service tower. The area of each mechanical room will 
depend upon the many variations of mechanical equipment and positioning required to 
accommodate local climatic conditions, energy source, exhaust air, difference in floor-to- 
floor heights, and initial and future building uses. 

B.1 1 .4 Service towers may serve as connecting circulation links between space modules. 

B.1 1.5 The service tower may be located within the perimeter of the space module, subject to size 
and position limitations imposed by the structural subsystem. Such location will severely 
limit future adaptability. 
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B.12 



FIRE SAFETY 



B.12.1 



B.12.2 



O 
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Planning considerations for fire safety, based on requirements for educational occupancies in 
the National Fire Codes, 1969-70, Volume 4, are: 

a. Travel distance from any point to an exit shall not exceed 1 50 feet if not sprinklered, or 
200 feet if sprinklered. 

b. Provide two exits minimum, as remotely located from each other as possible. 

c. The maximum length of a dead-end corridor shall be 20 feet. 

d. I nterior corridors shall be one-hour (minimum) fire-resistive construction. 




150' max. travel unsprinklered 
200' max. travel sprinklered 



one hour tire-resistive corridor 



The following special provision applies to any open plan educational building not having the 
one-hour fire-resistive corridor protection: 

a. The undivided floor area shall not exceed 30,000 square feet. 

b. Provide a smoke stop partition at 300 feet intervals (maximum). 

c. The travel distance from any point to an exit shall not exceed 100 feet. 




100' max. travel 



non-rated corridor 
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B.12.3 

B.12.3.1 



B.12.3.2 
B.1 2.3.3 

B.12.3.4 
B.1 2.3.5 
B.1 2.4 



A partial alternative to the conventional exit requirements is the area of refuge concept, to 
provide fire safety by horizontal routing. Section 5-5, Volume 4, NFC defines horizontal 
exits as: 

"A horizontal exit is a way of passage from one building to an area of ref uge in another 
building on approximately the same level, or a way of passage through or around a fire 
wall or fire partition to an area of ref uge on approximately the same level in the same 
building, which affords safety from fire or smoke from the area of escape and areas 
communicating therewith/' 




area of 
escape 




area of 
refuge - 



iiiiiiiiiiir'' 



wmmm 



iliiiilili 



two-hour fire-resistive wall 



cm 



The concept of area of ref uge may be applied where space modules are horizontally coupled, 
and where permitted by local fire safety requirements and conventional code requirements. 
Herein, each refuge area shall be less than the area of escape. 

To contain a fire within a small area, and to prevent migration of smoke and fumes, a 
two-hour fire-rated smoke-tight wall shall pass through the suspended ceiling to the structure 
above. This wall separates the area of escape from the area of refuge, staircase, elevator, 
mechanical room, and any vertical services chases. 

The escape route distances to the area of refuge shall not be greater than the code 
requirements for access routing to stairways. 

Consideration must be given to ease of access to the area of escape by fire-fighting personnel 
and their equipment. 

r-vBS typically will provide a building of UBC Type 1 construction (incombustible, 
fire-resis*ive) throughout, with a one-hour fire-rated ceiling suspended beneath the separately 
rated structure. Herein, one-hour fire-rated partitions, including those defining corridor exit 
routes, stop at the suspended ceiling, thus allowing the partitions and overhead services to be 
easily relocated. Normally, the only openings in the ceiling requiring fire dampers are in areas 
where the ceiling is specifically required to be fire-rated— such as corridors. 



PROCEDURES 



C.1 INTRODUCTION 

C.1.1 Coordination of ABS planning concepts and subsystems does not require changes in 
conventional administrative practices; traditional programming and construction procedures 
can be used. 

C.1.2 The following procedures, although not mandatory, are recommended as highly compatible 
with ABS planning concepts and subsystems; 

a. Phased Design and Construction 

b. Construction Management 

c. Prebidding of selected subsystems or components 

C.1. 3 Some institutions may not be able to incorporate these procedures. Local regulations may 
not permit Construction Management or Prebidding; capital outlay funding on an 
incremental fiscal year basis may restrict the use of Phased Design and Construction. 

C.2 PHASED DESIGN AND CONSTRUCTION 

C.2.1 Phased design and construction is a scheduling procedure that shortens the overall time 
between building inception and occupancy. Different stages of the programming, design and 
construction processes are phased so that some commence before others are completed. This 
overlapping contrasts with conventional procedures which sequentially schedule program- 
ming, then design, and finally construction. Use of phased design and construction offers the 
possibility of considerable variation in the scope of each phase and the extent to which 
phases overlap. Variations will depend upon the size and nature of the building project, and 
other local constraints. 



C.2.2 



The following simplified diagram compares phased design and construction with the 
conventional scheduling. 



CONVENTIONAL 



PHASED DESIGN 
AND CONSTRUCTION 




TIME IN YEARS 0 



2 



3 



4 



LEGEND 

A — Programming 
B — Design/Working Drawings 
C — Construction 



C.2.3 Phased design and construction generally divides the building design and construction for the 

building into three main phases: 

a. Foundations and Site Work, including subgrade drainage and utilities. 

b. Structural Shell and Exterior Skin, including rough structure, main services distribu- 
tion and equipment, and ceiling grid. 

c. Interiors and Finish, including secondary services^ distribution and controls, partitions, 
lighting-ceiling, casework, all remaining finish work, including equipment for the 
academic programs. 



^Services is used in a comprehensive sense to include electrical, plumbing, utility services, and HVAC distribution. 
'^Ibid. 



Compression of time by phase overlapping depends on predefined interface conditions 
among the building components and clear delineation of contractual responsibility. The ABS 
subsystems as packages of compatible components facilitates phased design and construction. 

Although under this procedure any one phase may extend over a longer time period, 
carefully coordinated overlapping of phases can substantially reduce the total time. 

Phased design and construction, if combined with Construction Management (hereinafter 
described) and coordination of the ABS subsystems with the non-ABS subsystems, minimizes 
the risk of budget overrun by providing more direct control of the total building process. 

Steps in the procedure are outlined as follows: 

a. Initial programming is sufficient to establish the overall building area and size, and to 
determine site requirements. 

b. Then, schematic design commences, establishing the number and arrangement of space 
modules, the building configuration and mass. 

c. As design development work proceeds, working drawings are begun for the site work 
and foundations. Because the ABS structure subsystem is well defined, critical decisions 
affecting structure and foundations can be made prior to completing working drawings 
for the structural frame. 

d. Thus, construction of foundations can proceed prior to completion of structural frame 
working drawings. 

e. Meanwhile, programming, design and working drawings for successive stages— building 
enclosure and interior finishing — are underway. Detailed programming of interiors need 
not begin until the building shell is actually under construction. An academician or 
other occupant is thus enablr d to state detailed requirements much nearer to the time 
of actual building occupancy. 

The two charts on succeeding pages compare conventional scheduling methods with phased 
design and construction. This comparison is for the ABS demonstration building for science 
and engineering and technology on the Indiana University/Purdue University campus in 
Indianapolis. 

Phased design and construction should be used only to the extent that it produces the best 
possible building in the minimum time. Rapid and binding decisions are required of the 
institution's administrator for a give.i project. 
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CHART 2 





C.2.9.1 For maximum time saving to offset escalating construction costs, construction may begin 
before a firm total building price is available. However, this basic decision should be checked 
against fiscal or legal policy for an institution. Because the procedure has built-in cost control 
methods, monetary risk is minimal. 

The original cost estimate for a project should include a percentage contingency allowance. 
As design and working drawings progress, this cost estimate should be continually refined 
and updated and reasonable contingency allowance should be maintained. Until a final 
contract price is established, the architect should continue to develop options allowing 
deductive alternates. These strategies will reasonably assure that a project is within budget 
even though extraordinary circumstances beyond the control of the owner, architect or 
contractor may occur. 

C.2.9.2 Decisions pertaining to the siting, building configuration, height and mass must be made 
much earlier than in conventional scheduling. These decisions cannot be changed after 
construction is started. 

C.2.9.3 Decisions pertaining to detaile' academic program requirements for space division 
components, services and equipment within the departmental areas can be made much later 
than conventionally. This delay is possible because detailed design of the structural shell does 
not depend on a detailed program. 

C.2.10 Phased design and construction is advantageous in that detailed programming of interior 
spaces can be postponed. This reduces the possibility of building obsolescence by the time of 
occupancy. 

In large projects, detailed programming can begin after the structural shell of the building is 
well under construction. Users can appraise their detailed requirements by viewing the actual 
spaces they will occupy. 

C.2.1 1 This procedure permits selection of the most favorable times for bidding and construction 
within design and occupancy constraints. Conventional scheduling, because it is inflexible, 
often conflicts with optimum timing for bidding and with inclement weather for 
construction. For example, bidding often cannot be undertaken until summer, pending 
release of construction funds in July. This is not the most economical bid period, nor is there 
sufficient time to be ''out of the ground" before bad weather disrupts the construction 
process. 

Further, this procedure permits splitting the bidding for large projects requiring long 
construction time into several stages. More accurate prices can be obtained if bidding is closer 
to the time of supply and installation. Traditionally, bidding many months in advance must 
allow for escalating costs and uncertain labor charges. 
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C.2.12 Three optional bidding processes that can be used within phased design and construction are: 

a. Select the general contractor for the entire project at the time of bids for site and 
foundation work. This is the least satisfactory way. The difficulty lies In evaluating the 
bidder's price and competence to do the entire building, because all work is not closely 
defined at this early stage. Although unit prices for the ABS subsystems can be bid at 
this stage, difficulties may occur in bidding non-ABS subsystem work. 

b. Seek separate contract bids for each phase of the project— that is, three separate 
contractual periods, and potentially, three different general contractors. Although 
feasible, this process may cause conflicts if one contractor is not finished before another 
starts. Disputes as to responsibility can be a problem with successive general contractors 
just as it is between subcontractors in conventional contracts. 

c. Utilize the services of a construction manager. Phased design and construction can be 
most fully and effectively administered in this way. The contractor becomes a member 
of the project process team for the building. Subcontractor bids for subsystems and any 
portion of the work can be obtained at any time, giving utmost flexibility in phasing. 
The construction manager will have even greater impact in ensuing ABS contracts as 
familiarization produces greater efficiency and lower cost. 



C.3 PREBIDDING SELECTED SUBSYSTEMS OR COMPONENTS 

C.3.1 This procedure is typically used in system building. Bids for the supply and installation of 
subsystems or components are called for prior to bidding for the general work. 

C.3.2 The intent is two-fold: first, to establish costs of major portions of the Vi/ork in advance, 
thereby assisting in cost control during detailed design work; second, to designate early the 
subsystem suppliers and installers who can then assist in material ordering and scheduling to 
reduce construction time. 

C.3.3 If need be, prebidding can be done prior to the selection of the contractor. In this event, the 
owner awards the prebid contracts and subsequently assigns them to the contractor. 

C.3.4 When a long lead time is not required, the contractor should be selected before soliciting the 
subsystem and component bid proposals, thus avoiding the assignment process. 

C.3.5 Prebidding can include mutual responsibility for performance. For example, an acoustical 
performance characteristic can be established which must be met mutually by the Structure, 
HVAC and Partitions subsystem contractors. 
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C 4 CONSTRUCTION MANAGEMENT (See Exhibit H for terminology) 

C.4.1 Conventionally, the owner and the architect constitute the project process team. The general 
contractor, selected by competitive bidding, does not become involved at all until after the 
working drawings for the building are completed. Thus, he has neither incentive nor 
opportunity to participate in achieving the owner's objective of the best building 
performance for the least cost. 

C.4.2 In contrast, the Construction Manager becomes an effective member of the team at the 
completion of the schematic design work. He contributes in the areas of cost estimating, 
materials evaluation and selection, and construction methods during the finalization of 
building design and working drawing preparation. 

C.4.3 The inclusion of the construction manager on the project process team benefits the owner in 
that a new and important relationship is created between architect and contractor. Whether 
or not so titled, the construction manager becomes a consultant with the architect. The two 
parties must have mutual respect and work well together, or most of the benefit to the owner 
will be lost. Fortunately, architects involved in large scale commercial work have been 
accustomed to construction managers for many years and, in general, greatly prefer to work 
this way. So there should be minimum problems as this procedure is introduced to college 
and university work. 

C.4.4 Th*» Construction Management procedure separates the management of construction from 
the actual construction activities. Although a specific profession of construction managers is 
developing, typically the construction manager is an individual engaged in general 
contractirtg. 

Some general contractors may object to the Construction Management contracting 
procedure, claiming that this reduces their freedom of action. They may also resent revealing 
their fees and other administrative costs to competitors. The possible impact of this must be 
evaluated carefully in each local situation. 

C.45 The services of a construction manager are almost obligatory if the phased design and 
construction procedure is used. Otherwise, the flexibility of subcontract bidding, cost 
control, and the continuous, competent coordination needed cannot be effectively achieved 
without a serious burden on the owner's staff. 



C.4.6 Services rer>dered by the construction manager may include: 

a. Cost control by estimates during prebid design work; guaranteed prices after 
subcontract bids; and exact costs with krK>wn minimum markup for contemplated 
change orders durir^ construction. 

b. Consultation on construction materials, methods and timing. 
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c. Management of the separate subcontracts for all construction. 

d. Application of value engineering throughout the project process. 

e. Possible participation in construction activities using his own forces. The owner, 
however, may prefer that the construction manager only control the work of others and 
perform no construction work himself. 

C.4.7 Advantages offered by the Construction Management procedure are: 

a. The owner is assured protection from budget overruns during design and construction. 

b. The overall time required for the project process is reduced. 

c. Possibility of errors and/or omissions by the design professionals is reduced. 

d. Value engineering provides cost/benefit analysis during both design and construction. 

e. The owner is assured of the lowest net cost for: fees to the construction manager and all 
subcontractors; cost of bonds. Workmen's Compensation Insurance, and the con- 
tractor's indirect job labor burden. 

f. As the unknown risks for the contractor are minimized, the owner receives a more 
rapid, less expensive and higher quality job. 

g. The number of extras to the contract is reduced. The markup is a minimum known fee 
for the few that may be required. 

h. Bids for subcontract work can be obtained at the most favorable time. 

i. The construction manager may be appointed or selected by competitive bid. If the 
latter must determine his selection, approved^ prequalification eliminates all unquali- 
fied parties. 

C.4.8 The approved prequalification for selecting the construction manager by competitive bid 
includes: 

C.4.8. 1 The architect must complete the schematic design for the project. His drawings, along with 

outline specifications, are to give the site location, scope and general building configuration 
and mass, indication of the structure and the materials, the estimated construction cost 
range, and the expected time of building completion. 



^Both the Facilities Engineering and Construction Agency (FECA) of the U.S. Department of Health, 
Education, and Welfare and the U.S. Department of Housing and Urban Development have approved the use of the 
Construction Management procedure. 
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C.4.8.2 A Notice To Contractors, as a legal advertisement, invites submission of specific financial, 
surety, and insurance information from each prospective bidder as follows: 

a. A complete, audited financial statement not over 90 days old. 

b. An open letter of credit stating dollar amount available from bidder's bank, and relating 
his borrowing experience over the previous five years. 

c. The name of the bidder's current surety company and broker, together with number of 
times the surety had to complete any part of a project during the previous five years. 

d. A listing of the other surety companies used in the previous five years. 

e. The name of the bidder's current insurance companies and the broker for each. If more 
than one company, bidder is to state the reasons. 

f. A listing of the bidder's insurance losses in dollars, together with number of workmen's 
accidental deaths during the previous five years. 

The Notice To Contractors must include the statement: 

"Final evaluation and contract award will be made on the basis of the proposal most 
advantageous to the owner, considering probable total cost of bid items, the bidder's 
financial resources, his surety and insurance experience, his personnel, equipment, 
workload and client relationships. The owner reserves the right to reject any or all bids 
and to waive any irregularities in any bid received. Award may be made to other than 
the low bidder." 

C.4.8.3 The bid submissions are not public records and are not open to public inspection. Each 
submission is to be objectively evaluated by the owner, solely on the data submitted. (See 
Exhibit A.) A bidder becomes prequalified if the evaluation scores thirty or more points out 
of a possible thirty-eight points. Those bidders receiving less than thirty points are 
disqualified. For details, see Exhibit B. 

C.4.8.4 Another legal advertisement, the Advertisement For Bids, requests bid proposals from the 
prequalified bidders. The schematic design information, the Information for Bidders, and the 
bid form are released to intending bidders. The Advertisement For Bids must carry the same 
statement as did the Notice to Contractors. (See C.4.8.2). 



C.4.8.5 The Information for Bidders should include the statements shown on Exhibit C. 

Prior to preparing the information, the r'.v^er must decide whether the construction manager 
will participate in construction activities using his own forces, or whether he will control the 
work of others and perform no construction work himself. 





Certain areas of work may be made available to the construction manager; his selection for 
that work would be based on a sealed bid submitted in competition with other 
subcontractors. The construction manager may advantageously perform work, such as site 
work or foundation work, traditionally done by a general contractor. Normally, work 
performed by a construction manager's own forces is under 10 percent of the total. 

Under these circumstances, the coordination advantages are far more significant than the 
chances of the owner suffering because of the construction manager's "privileged position 
vis-a-vis the other subcontractors. 


C.4.8.6 


The bid proposal requires cost information on those highly competitive items involved in the 
bidder's cost of doing business. The items are shown on Exhibit D. 


C.4.8.7 


The sealed bid proposals from the prequalified bidders are publicly opened and read aloud. 
The owner then evaluates each proposal by converting the bid percentages to a dollar value, 
to determine the successful bidder. His bid evaluation will show the lowest net cost to the 
owner. (See Exhibit E.) 


C.4.8.8 


If, after evaluating the bid proposals, there is some question as to the low bidder's ability to 
perform, a second evaluation by the owner can be applied. This is also rated on a point 
system. Sixty-five points out of a possible eigty-three points are considered acceptable. (See 
Exhibit F.) The form of contract is shown in Exhibit G. 


C.4.9 


Use of the Construction Management Procedure. 


C.4.9.1 


The construction manager, the architect and the owner in conference appraise the schematic 
design information to determine if the project can be constructed within the original price 
estimate. If the project is agreed to be solvent, the architect can proceed with final design 
work; the working drawings and specifications. 


C.4.9.2 


The construction manager, when and as determined by the owner, contributes cost 
estimating, materials evaluation and selection, and construction methods and timing 
expertise. At this time, value engineering is achieved by mutual agreement and the 
construction manager prepares his prebid price. This price is based on quantity take-offs by 
the construction manager and potential subcontractors. The quantity take-offs are priced 
according to the competitive market. This is an informal operation with the construction 
manager taking subcontract prices from a few selected subcontractors on whom he can 
depend. 



C.4.9.3 A rf yiew by the three team members follows, to ascertain that the prebid price is within the 
budget. If the prebid price is acceptable, the architect completes his working drawings, 
specifications and contract documents for bidding purposes. If the price is not acceptable, 
design adjustments are made. 



C.4.9.4 


When the market is favorable, the construction manager, in concurrehce with the owner, 
obtains competitive bids, as would be done for a lump sum bid job. He also obtains 
competitive bids on those materials to be installed by his own forces, if any. Thus, with the 
exception of the labor employed for his own work, all required labor and materials are 
competitively bid. 

Conventionally, the owner receives a sealed lump sum bid only from the general contractors, 
with each general contractor listing his major subcontractors. The general contractor obtains 
most of his subbids by telephone, later to be confirmed in writing. Herein occurs the major 
portion of bid shopping. 

Under Construction Management procedure, sea/ec/ bids are required from all subcontractors. 
Bids remain sealed until delivered to the owner, and are then opened in the presence of the 
construction manager, the architect and the owner. This procedure eliminates subcontract bid 
shopping because each bid is unknown until the time all are opened. 


C.4.9.5 


The construction manager then prepares a final or guaranteed outside price (GOP) based on 
the price of his work plus the prices from the successful subcontractors. The final price 
remains guaranteed until altered by change order. 

The GOP is increased or decreased only by the change orders. Time extensions and liquidated 
and ascertained damages apply as in a conventional lump sum contract. 


C.4.9.6 


The construction manager's contract may require that: if the actual completed cost exceed 
the GOP, the owner pays only the GOP; if the final price is less than the GOP plus change 
orders, the construction manager and the owner share the savings in the predetermined ratio. 


C.4.9.7 


After the GOP is established and accepted by the owner, construction of the project 
proceeds. 


C.4.10 


The following construction schedule compares Construction Management with the general 
contractor method. (See Exhibit 1, page 65.) 


C.5 


THE USE OF PROCEDURES 


C.5.1 


GENERAL 


C.5. 1.1 


ABS, in its present form, is a body of information that can be applied in a variety of 
ways— ranging from conventional to innovative. The potential of ABS can best be exploited 
by applying the concepts and procedures previously discussed to the fullest extent possible. 
Thus, the optimum ABS project would ally phased design and construction with construction 
nnanagement, and employ subsystem prebidding to assure delivery and the early development 
of essential cost information. 
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The program-design-construction process can be considered as a set of phases. Although the 
designation and sequence originate in the conventional process, they are equally applicable in 
the use of ABS. 

These phases are; 

a. Programming 

b. Schematic Design 

c. Design Development 

d. Working Drawings and Specifications 

e. Bidding 

f. Contract Award 

g. Construction 

h. Alteration 

The recommended application of the procedures on a project would have the following 
impact on each of the above phases. 

C.5.2 PROGRAMMING 

C.5.2.1 ABS assists programming by providing three types of criteria: budget development costs, user 
requirements, and cost/performance comparisons. The data already accumulated is a 
significant resource for academic facility programming, and can measurably improve the 
decision processes. 

C.5.2.2 Budget development costs are provided in the form of functional area costs. These are the 
synthesis of cost analyses of existing academic buildings, and provide functional area costs. 
Their application provides a more realistic budget than does the conventional method based 
on typical building costs. Both the programmer and the user can better negotiate a 
responsible and yet responsive budget. 

For example, the faculty member is immediately aware of the impact from his request for 
more laboratory space at $52 .93/sq.ft., as opposed to the librarian's request for space at 
$40.63/sq.ft. 

The functional area costs are developed in ABS Publication 2, Cost/PerformsncB S*udy: Six 
Science and Engineering Buildings. 

To become an even more effective budgeting tool, the functional area costs need to be 
expanded for many more university buildings, and continuously updated. In the use of ABS, 
these costs should be automatically derived for new buildings. When the cost estimates for 
each ABS building are structured in the appropriate form, comparisons can quickly be made. 
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C.5.2.3 



User requirements originate in the needs of the various users and must be met by the new 
academic building. The concern is with the general requirements— those basic to the nature of 
learning, teaching and research, and to the environmental needs of the individual. These are in 
contrast to those specific requirements that must be stated in the building program, wherein 
the specific requirements for a particular group of users are given. 

Thus, the development of ABS has emphasized activities and their requirements, rather than 
building types and acade nic disciplines. Future buildings need to be structures capable of 
accommodating a changing variety of space types and disciplines. Academic departments 
must become accustomed to being tenants rather than owners of buildings. The single 
function building, whether for laboratories, classrooms, or a single discipline, is no longer 
appropriate to the pace of change on the campus. 

The user requirements statements by ABS presents the various kinds of users and their 
activities, and a study of building environment and character in which the activities are 
performed. The focus is on the common attributes; whether the users are students, staff or 
faculty; in the sciences or the humanities; and whether in Indiana, California, or elsewhere. 
The needs of different kinds of users are discussed, and significant differences are pointed 
out. 

The user requirements are developed in ABS Publication 1, Environmental Study: Six Science 
and Engineering Buildings. 

C.5.2.4 Cost/performance comparisons are provided in the ABS Publication 2. Performance 
characteristics and costs for the building's components are shown. This data provides a basis 
for determining the cost of a requirement, and thus to evaluate it" priority. 

For example, the cost relationship between additional HVAC capacity versus higher lighting 
levels can be clearly seen. 

C.5.2.5 Phased design and construction scheduling commences after establishment of gross building 
area. The major impact is: once the gross area is decided, it sets the design and construction 
process in motion. After approval, initial gross areas decisions ccnnot be reversed. The 
detailed areas for program activities will be studied for a longer time period, however, and 
decisions can be made much later than in the conventional process. 

C.5.2.6 Neither construction management nor prebidding will have specific impact on the 
programming phase. 
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C.5.3 SCHEMATIC DESIGN 

C. 5.3.1 The ABS planning concepts provide a discipline that must be understood and accepted by the 

design professionals involved. The space module concept is the basic tool. The critical 
decision involves the use of either the deep or shallow service space. Premature changes in the 
concepts will result in ineffective testing of the system, and the institution will be unable to 
derive the expected benefits from ABS. 

C.5.3.2 Phased design and construction scheduling requires the schematic design to be a critical 
decision point. Once approved, decisions made herein are irreversible. 

C.5.3.3 Construction management will have no specific impact on the schematic design phase, unless 
the construction manager is selected soon enough to be a member of the team. Typically, this 
will not be the case, as information about the schematic design may be important in deciding 
the basis for choosing the construction manager. 

C.5.3.4 Prebidding will have impact on the schematic design phase only if the drawings are to become 
contract documents, as discussed under "Bidding" (C.5.6). 

C.5.4 DESIGN DEVELOPMENT 

C.5.4.1 This phase has less significance in an ABS project, for the design will be essentially completed 
in the preceding “chematic design phase. This materially benefits the schedule time for the 
design phase. 

0.5.4.“? Phased design and construction scheduling may require two or more design development 
efforts, spaced in time. Sufficient information is provided to define the construction of the 
permanent elements of the building. However, detailed space definition need not be provided 
until shortly before installation of the required subsystems. Obviously, some of the decisions 
normally made in the conventional design development process are either postponed or are 
reversible — either can be a decided advantage to the building and its prospective occupants. 

The final layout of interiors can be delayed until just prior to construction. Thus, the 
arrangement of partitions (openings, texture, color), the services distribution (secondary, 
terminals, controls), the HVAC distribution (terminals, controls) and the casework and 
exterior wall (types, openings, mate-ials, colors) can be finally defined just prior to 
installation. 

The advantage is that the design development is brought into conformance with the latest 
program and budgetary requirements, then finalized. This contrasts with the conventional 
method, wherein the program and budget are necessarily fixed at a much earlier date. 
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C.5.4.3 


Construction Management. It is desirable to have the construcdon manager appointed early 
enough to be a member of the team at this stage. His participation in non-system selection 
and systems and non-systems applications are particularly valuable. 


C.5.4.4 


Prebidding, if done, will produce known subsystem suppliers and installers with details and 
costs for assistance during this stage of design development. Alternatively, design develop- 
ment information may form part of the drawings and specifications for the prebidding 
process. 


C.5.5 


WORKING DRAWINGS AND SPECIFICATIONS 


C.5.5.1 


ABS simplifies this phase by providing the subsystems and basic design interfacing for a major 
portion of the building. The design professional will have completed design calculations for 
Structure and for HVAC— commenced during the Design Development Phase. That 
information provides the data necessary to complete the detailing of the subsystems. 

Contracts for the Partitions and the Lighting-Ceiling subsystems can be based primarily on 
performance specifications, and will need minimal detailing. 

The greatest demand on the design professional will be the conventionally required detailing 
of non-systems work, and the definition of interfaces between the ABS subsystems and the 
non-systems work. 


C.5.5.2 


Phased design and construction scheduling will materially change both the scope j'nd 
scheduling of working drawings. Precise definition of subsystem contract scope is critical if 
redundancy in bidding and confusion during construction is to be avoided. 


C.5.5.3 


Construction Management. If the full value of this procedure is to be received, the 
construction manager must have been previously appointed so that he is a full member of the 
team at the commencement of this phase. 


C.5.5.4 


Prebidding will materially affect the scope and scheduling of working drawings. The nature of 
this is next discussed. 


C.5.6 


BIDDING 


C.5.6.1 


ABS subsystems do not necessarily auect the bidding phase. However, the whole bidding 
process is transformed through the use of phased design and construction, construction 
management and prebidding. 


C.5.6.2 


Both design and construction and construction management tranform the bidding phase, as 
discussed in Section C, "Procedures," 
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C.5.6.3 


Prebidding of subsystems for ABS projects is desirable, to build reliable cost information on 
the subsystems involved. Bidding on the subsystems by requiring unit prices is the most 
effective means of doing this. 

The terms used for description of a subsystem in prebidding documents will vary from one 
subsystem to another. Structure involves no proprietary or manufactured system, and should 
be bid relatively conventionally — using conventional working drawings and specifications. The 
same is true for HVAC. Lighting-Ceiling and Partitions may use available proprietary systems, 
and thus can be bid using documents based on performance requirements, design 
descriptions, and schematic design drawings for the building to establish parameters of 
location, type and quantity. 

The bid proposal for each prebid subsystt . should request the appropriate unit cost 
information. 


C.5.7 


CONTRACT AWARD 


C.5.7.1 


The conventional general contract award will not occur under the ABS procedures. Phased 
design and construction changes the times at which subcontract awards are made. 
Construction management changes the mechanism of subcontract awards. Prebidding changes 
the time and scope of subcontract awards. 


C.5.8 


CONSTRUCTION 


C.5.8.1 


There are no necessary changes in the construction, since ABS uses readily available materials 
and methods. However, the use of phased design and construction and construction 
management will create changes in the management and scheduling. 


C.5.8 .2 


The ABS planning concepts create opportunities for closer relationships among the ABS 
subsystems than is conventionally developed. This is because the interference is minimized 
among the ABS subsystems and, to some degree, within the non-ABS subsystems. Cut and fit 
modifications in the field are substantially reduced. 


C.5.8.3 


The ABS Structure subsystem is cleanly formed, with no horizontal penetrations for random 
services. The mechanical distribution is in straight lines, with few "dog-legs" to avoid 
unplanned obstructions. The partitions have no services penetration other than an occasional 
electrical or HVAC control. This minimization of interference requires less on-site special 
work, with obvious reductions in installation time and cost. 


C.5.S.4 


The concentration of the vertical services in service towers enables construction in the service 
space above the space module's ceiling to be carried on independently. Conversely, the 
time-consuming installations in mechanical and toilet rooms can proceed independently. 



C.5.8.5 


A further separation of craft effort, permitting overlapping installation schedules, is due to 
the concentration of services and HVAC distribution in an accessible area above the ceiling 
plane. The catwalk ceiling is installed as soon as structural formwork is removed and the 
concrete surfaces cleaned. Installation of services and HVAC distribution can proceed 
without floor-supported scaffolding, permitting earlier interior finishing preparations. 
Lighting and HVAC terminal installation takes place independtiy of partitiorss installation. A 
high percentage of secondary services and HV.AC distribution also takes place independently 
of finishing work. 


C.5.9 


ALTERATIONS 


C.5.9.1 


The deep service space with catwalk ceiling should be used in those building housing 
laboratories and shops— where frequent major changes in services distribution will be required 
in the academic facili+ as. The deep service space, because of its direct access to ser ices, 
permits rapid altera+ ons or additions. Disruption affects only the space being altered. 

The shallow service space with access cefMng should be used in those buildings housing 
classrooms or offices where minimal services distribution modification will be required. 


C.5.9.2 


Major mechanical alterations or addition of new utility mains involve disruption of that 
service only in the space module, since all mains should have valve tees in vertical risers at 
points of main horizontal extension, and capped tees at points of proposed secondary 
distribution extension. HVAC alterations will require disruption of the space module only 
during changeover from existing to altered conditions. Additional ductwork and controls are 
installed to a convenient "break-in” point from the new terminal or space location. The 
obsolete distribution and controls are disconnected and closed as the new are connected. 


C.5.9.3 


Electrical alterations and extensions are similarly treated, with main control in each space 
module and zone controls with spare breakers in appropriate subdivisions of the space 
rrx 3 dule. Lighting modifications involve setting new fixtures and plugging-in the lead to 
existing receptacles or junction boxes. Obsolete fixtures are unplugged, removed or relocated, 
and the vacant space filled with ceiling panels. 


C.5.9.4 


Partitions alterations and additions require a simple dismantle and reinstallation, with 
disruption of only those spaces defined by the partitions; 95% reuse of materials is si pected. 
New partition locations involve noise disruption of other spaces in the space rriodule if 
explosive-driven floor fasteners are used. 


C.5.9.5 


The user can relocate secondary service terminals and casework if the distribution within the 
room is of the hose/extension cord type. If code or other regulations will not permit this, 
then the institution's craftsmen or outside contractors must be used. 


C.5.9 .6 


Phasea design and construction, construction management, and prebidding procedures 
normally relate only to initial construction and do not affect building use or alteration. The 
exception would be when alterations are of such magnitude as to justify repeating their 
application. 
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EXHIBIT A 
Page 1 of 2 



FACTORS INVOLVED IN PREQUALIFICATION OF BIDDERS* 



It should be remembered that money in the bank and ability to make bond does not solely make the 

bidder responsible. The following areas should be fully explored: 

1. Financial Resources. The bidder's detailed audited financial statement should be carefully 
examined. The "quick" assets should be ratioed to the "quick" liabilities and rated. (See Exhibit 
B, item 1.4.) The bidder's bank should be identified, with the official's name acquainted with the 
bidder's financial standing. An open letter of credit from the bank should indicate the amount of 
credit the bank is willing to lend and state the bank's lending experience with the bidder. If there 
is question as to overall financial picture, the proposed bidder should be discussed with the bank. 

2. Surety, The bidder's surety coverage should clearly identify the full name of the surety company, 
its home address, and the name and address of the broker handling the bidder's account. If there is 
question as to the bidder being able to perform, a call to the broker or the surety's bond manager 
at the home office may resolve any doubts. Also, if later during construction the contractor 
cannot be made to perform in a satisfactory manner, a call to the surety's home office bond 
manager will usually help. 

3. Insurance. The contractor's insurer and the broker handling the account should be known. If some 
doubt exists, call the broker or the insurance company. 

4. Construction Ability. The ability of the bidder to complete the project should be thoroughly 
investigated. Just because he has successfully built large hotels or wood frame housing does not 
necessarily mean that he has the ability to build a high-rise science building. His experience record 
during the past five years should be carefully examined. What he built prior to that means little as 
methods change and so does the contractor's organization. 

5. Completion Ability. The ability of the bidder to meet reasonable completion dates successfully, 
with a minimum of time extensions, should be considered. The assessment of liquidated damages 
on previous projects should not be overlooked. Does the bidder make good time during the 
construction of the work with his own forces and then drag during the period his subs are 
finishing the work? How does he get along with his subs? Does he run the sub in finishing, or do 
the subs run his job for him? 

6. Personnel. It is important to know the office and field personnel who will administer and manage 
the coinstruction. Does the bidder have skilled personnel? Are they available for the project? (This 
information may not be known prior to bidding but it should be ascertained and considered 
before contract award.) 



*The prequalification procedure can be applied to any type of bidding. It need not be confined to Construction 
Management. 
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EXHIBIT A 
Page 2 of 2 



7 CqiMpenant. Ttw amount, type, and condition of the bidder's equipment are important 
qua<it>catK)ns. etocoafly if the contractor is going to do considerable work with his own forces. 
Howf much of this eouipmeni is liened^ Look at hts yard to s .« if it is well-maintained equipment. 

• Wfoa k Load. Fmd out what (oht the bidder has on the books to be built during the period of the 
prx>f»ct'« conttrvctKKi time Is he overoommitted^ What portion of the protect will he construct 
«i«ih his own forces^ Docs he inland to sub most of it and act as a broker, or is he a competent 
buiidat^ (Avc«0 the "broker*’ type.) 

9 CSisnt Rdattorsdsip. The ability of the bidder’s organuation to work compatibly with the owner 
end the archiieci is most enpc>rtani. Check this with other clients. Does he submit his extra 
proposaH promptly^ Do the estimates for these leave a bad taste with either client or architect? Is 
hr cxkoperatwe m the field, or is he gomg to build "hit wey" without regard to the wishes of 
own-* or archiiect? Does he follow written instructions faithfully and promptly? 

10 Type of Tlw t«d w«i3 tell whether the firm is en individual, a partnardiip. a corporation or a 

fomt venture. If it ft a venture, both venturers dtouU be qualified aryf it should be known 
wtwch ona will tponso* or run the |Ob. 

11 taisf > Record. Tha safety record <s apprised m the workmen's compensatio * figure, and in the 
bKddar’s aocepiarKe by h«s bondmg cornpany'as reflected in his bond rate, and indicates whether 
tw ft « prvtvrrad risk or run of tha milt 
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EXHIBIT B 
Page 1 of 4 



CONSTRUCTION MANAGER PREQUALIFICATION EVALUATION 



Name of Bidder: City: 

Owner's Evaluator: Date: 

Evaluation is to be based on detailed information previously requested of the bidder in the Notice to 
Contractors. If any of this information is not supplied, the evaluation must remain incomplete. 

The questionnaires and financial statements, and therefore these evaluations, are not public records and 
are not open to public inspection. 

These evaluations are based on a system of point ratings to be applied objectively to information 
provided by each bidder. These point ratings are: 

Poor = 1 point Good = 3 points 

Average = 2 points Excellent = 4 points 

The following evaluaticrs 'oust be completed to determine the bidder's prequalification and before 
contract documents are to nim for bidding purposes. 



1.0 

1.1 

1.2 

1.3 

1.3.1 



Prequalification Item 



Actual 

Point 

Rating 



Financial 



^u .~'*es: 

t«nt over 90 days old 



Financial si. 

Financial statetnent less than 90 days old 

From financial statement submitted, determine: 

Current Assets as follows: 

a. Cash on hand and in bank 

b. Notes receivable 

c. Accounts receivable from 

completed contracts 

d. Sums earned on incomplete contracts 

e. Other accounts receivable 

f. Negotiable securities 

g. Other cum assets, lif t. . 

h. Total current assets . .... 



Maximum 

Points 

Possible 



1 

2 
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EXHIBIT B 
Page 2 of 4 

Actual Maxium 

Point Points 

Prequalification Item Rating Possible 

i. Do not include in above any of the following: 

Advances to construction joint ventures 
Materials inventoried in stock 
Real estate 

Construction plant and equipment 
Furniture and fixtures 
Investments of non-current nature 
Value of paid up life insurance 
Other non-current assets 
1.3.2 Current Liabilities as follows: 

a. Current portion of notes payable, 
exclusive of equipment obligations 

and real estate encumbrances $ 

b. Accounts payable, including those 

to subcontractors 

c. Other current liabilities, list 

d. Total current liabilities $ 

e. Do not include in above any of the following: 

Real estate encumbrances 

Equipment obligations secured by equipment 
Other non-current liabilities and non-current 
notes payable 
Reserves 

Capital stock paid up 

1.4 Determine ratio of current assets to current liabilities by dividing 
1 .3.1 .h by 1 ,3.2.d above, and rate as follows: 



Poor = 1 .0 or less 1 

Average = between 1 .0 & 1 .5 2 

Good = between 1 .5 & 2.0 3 

Excellent = over 2.0 4 



1.5 Determine working capital by subtracting current liabilities from 
current assets: 

Current assets $ — 

— Current liabilities 

= Working capital 





EXHIBIT B 
Page 3 of 4 



Actual Maximum 

Point Points 

Prequalification Item Possib J^ g — 

Determine bidder's financial limitation by adding the working capital 
and bank credit as stated in letter of credit together and then 
multiplying by 4: 

Working capital $ 

+ Letter of credit 



X 4 = Limitation 



This financial limitation indicates the size of the job the bidder is 
qualified to bid on. This limitation should be related to the dollar 
estimate of the owner's project: 

Poor = more than 10% below estimate 

Good = equal or above estimate 



From financial statement, determine ratio of cash available to complete 
the job: 



Poor 

Average 

Good 

Excellent 



1 to 4% of contract estimate 
4 to 7% of contract estimate 
7 to 10% of contract estimate 
over 10% of contract estimate 



From open letter of credit from bidder's bank, rate credit available for 
construction of this job: 



Poor 

Average 

Good 

Excellent 



below $500,000 

$500,000 to $1,000,000 . 
$1 ,000,000 to $2,000,000 
over $2,000,000 



From letter from bidder's bank, determine contractor's borrowing 
experience during past five years: 



Poor 

Average 

Good 

Excellent 



continuous loans on hand . . . 
substantial loan every year . . . 
occasional loan every two years 
no loans during last five years . 



1 

3 



1 
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EXHIBIT B 
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Prequalification Item 



Actual Maximum 

Point Points 

Rating Possible 



2.0 Surety : From statement submitted by bidder listing name of surety 
and name of local broker handling account, determine: 

2.1 Did surety ever have to complete any of bidder's work: 



Poor = cnee in last five years 1 

Good = never 3 



2.2 How many different sureties has bidder had in last five years: 



Poor = more than one 1 

Good = only present one 3 



3.0 Insurance: From statement submitted by bidder listing name of 
insurance carrier or carriers and name of local brokers handling 
accounts(s), determine: 

3.1 Is insurance handled by more than one agent or broker: 



Poor = more than one 1 

Good = only present one 3 

3.2 Has bidder had any workmen's deaths during last five years: 

Poor = 3 or more 1 

Average = 2 2 

Good = 1 3 

Excellent = none 4 

3.3 Bidder's insurance losses during last five years: 

Poor = over $500,000 1 

Average = $100,000 to $500,000 2 

Good - $50,000 to $100,000 3 

Excellent = below $50,000 4 

4.0 TOTAL POINT RATING 38 



The above point ratings permit a bidder to score a total of 38 points with the best possible evaluations. 
A rating of 30 points or more will prequalify a bidder to take out contract documents for bidding 
purposes. 
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EXHIBIT C 

Page 1 of 2 



STATEMENTS TO BE INCLUDED IN THE "INFORMATION FOR BIDDERS” 



1.0 GENERAL REQUIREMENTS 

•j 1 If jg fi^g intent of the owner to award a contract for the construction of these facilities based 
on the Construction Management procedure. In such a procedure, a prime contractor is 
determined by competitive bidding on the fees and other fixed commitments entering into his 
cost of doing business. This bidding shall be based on preliminary drawings and outline 
specifications which indicate in some detail the general scope of the project. The successful 
contractor is to act as a building consultant by providing construction "know-how and value 
engineering" to the owner and the architect during the development of the working drawings. 
The contractor will be required to submit periodic current cost estimates of the work for 
owner's use in determining the project's solvency. Subject to the owner's approval and as the 
documents are completed for the various trades, the contractor shall obtain competitive 
subcontract bids allowing such work to proceed. As the drawings near completion, the 
contractor shall convert his previous cost estimates into a Guaranteed Outside Price based on 
competitive subcontract bids and which price ji; be maintained during the balance of the 
construction, except as it may be revised b, change orders authorized by the owner and 
representing changes in the scope of the work. If the contractor's final construction cost, 
including fees, exceeds this GOP, the owner shall make payment only up to the GOP. If this 
final cost is less than the GOP, the difference is shared in the proportion as bid under Shared 
Savings. 

1.2 In evaluating the fee bids, the owner will apply its own piedetermined units of measure to 
arrive at a total dollar cost of each fee and commitment bid by the contractor, as described 
herein. For the purpose of this bidding procedure, it is estimated that the cost of construction 
to be built under this contract will total (amount) and will require (number) caler'^ar days to 
complete after the Notice to Proceed. Occupancy is contemplated for (date). 

1.3 After the GOP has been established, the contractor may, subject to the architect's written 
approval, suggest changes in construction methods, the substitution of materials and minor 
design changes which will result in a reduction of construction cost or time. All such savings 
shall be net without fee mark-up and shall be apportioned to owner and contractor as set forth 
in the contractor's bid. The GOP shall be adjusted for such approved savings by change order. 



2.0 PROPOSALS 

Proposals will be received only on the owner's Form of Bid for the complete construction as 
shown on the bidding plans and as set forth in the bidding specifications and on the basis of 
the percentage fees for the contractor's services and other commitments as set forth herein and 
showr. on the Form of Bid. 
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2.1 The fees and other commitments to be bid in the Proposal and the manner in which these bids 
will be evaluated by the owner are as follows; 

2.1.1 Percentage fee to be applied to cost of construction provided by contractor's own forces, 
including labor, material, and/or equipment. The owner shall apply to this fee bid an estimated 
dollar value of the work to be done by the contractor's own forces. The same dollar value shall 
be applied to each bidder's fee. 

2.1 .2 Percentage fee to be applied to the total cost of subcontract work. The owner shall apply to 
this fee bid an estimated dollar value of all subcontract work. 

2.1.3 Dollar cost of performance bond for each $100 of contract. All bids will be evaluated by 
multiplying the dollar cost of bond as bid by (number of 100's in 1.2). 

2.1.4 The percentage of contractor's Experience Manual Rate (from 100%) as established by the 
Stato Rating Bureau to be used in estimating the cost of Workmen's Compensation Insurance. 
In evaluating this cost in dollars, the owner will assume each of the bidders will perform the 
same dollar amount of work with his own forces. The owner will estimate the resulting cost of 
the contractor's direct labor, and to this will apply a predetermined percentage of insurance 
cost adjusted to each bidders manual rate as bid. 

2.1.5 The percentage to be applied to the estimated contract price representing the total cost of 
contractor's Indirect Job Labor Burden. This cost shall not include any non-job labor or home 
office overhead. Dollar evaluation of this bid will be determined by multiplying the percentage 
bid by the estimated cost. 

2.1.6 The percentages to contractor and to owner on any Shared Savings in construction cost that 
might be later suggested by contractor aand accepted by the owner during construction phase. 
The owner shall apply a predetermined dollar value of savings estimated to be made during this 
phase to the percentages as bid. 

2.1 .7 The per diem charge to be made by Contractor for consulting services authorized by the owner 
during the final design stage and preparation of the construction documents. The owner will 
apply a predetermined number of consulting days to the per diem in evaluating this bid. 

2.2 After all of the above seven bid items have been evaluated and converted to total dollars, a 
final evaluation will be made of each bidder based not only on the total dollar amount 
determined from the bid but also based on the contractor's financial resources, his surety and 
insurance experience, construction experience, completion ability, personnel available, 
equipment available, workload, and client relationship. Final evaluation and award will be on 
the basis of the proposal most advantageous to the owner. The owner reserves the right to 
reject any or all bids and to waive any irregularities in any bid received. Award may be made to 
other than the low dollar bidder. 
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EXHIBIT D 

Page 1 of 1 



INFORMATION REQUIRED ON BID PROPOSAL FORM 



1. Percentage fee of % to be applied to the authorized cost of the work performed with the 

contractor’s own forces, including labor, material, and equipment. 

2. Percentage fee of % to be applied to the authorized cost of work performed by any 

authorized subcontractor, or material supplied by any authorized supplier. 

3. Cost of Performance Bond of % per $100.00 of total contract amount. 

4. Cost of Workmen's Compensation Insurance based on % of Contractor's Experience 

Manual Rate as established by State Rating Bureau, and as applied to contractor's base insurance 

cost. 

5. Cost of Indirect Job Labor Burden as % of total estimated construction cost. 

6. We propose to split post-contract savings in the cost of construction (if any) with the owner on a 

ratio of % of such savings to the owner ana % of such savings to the contractor. 

7. If awarded a construction contract on the basis proposed above, we further offer our services to 
the owner as a consultant during the final design stage of the final construction documents, as 

may be authorized by the owner, at a rate of $ per diem per person. It is understood 

that up to four hours, of such consulting time will be considered as one-half per diem, and any 
time over four hours in one day will be considered a full per diem. If consultation is required with 
one of our major subcontractors, a charge for such similar consultation will be at a rate of 
$ per diem. 
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EXHIBIT E ■ 
Pape 1 of 3 

EVALUATION OF BID 
For 

(NAME OF PROJECT) 



Name of Contractor: City: 



Owner's Evaluator: Date: 

In order to evaluate the fee bids received, the owner will apply the following predetermined units of 
measure to the fees and commitments as bid to arrive at an equivalent dollar figure; 

Bid 

BID ITEM® Figure 

Fee to be applied to work performed with contractor's own forces as bid: 

Owner's estimated value of the work: $150,000^ x % = 

Fee to be applied to work performed by subcontractors as bid: 

Owner's estimated value of the work: $1 ,850,000^ x _% = 

Cost of Performance Bond per $100 of estimated contract price = 

Owner's estimate = $2 ,000 ,000 “t" $100 x C = 200,000 x C ~ 



Dollar 

Evaluation 

$. 



Cost of Workmen's Compensation Insurance based on manual rate = 

Owner's estimate of the cost of this insurance assumes that Contractor's own 
labor = $75,000 {V 2 of item 1) and that 8% of this labor cost represents the 
cost of this insurance, adjusted by the Contractor's manual rate as bid. The 

adjusted cost of this insurance would = .08 x % (manual rate as bid) 

X $75 ,000. = 

Cost ot indirect Labor Burden as bid: 

Owner's estimate of cost = $2,000,000 x % = 



Sub-total Cost 

Shared Savings, Owner's share/Contractor's share, as bid: i 

Owner's estimate of savings to be shared = $50,000“ and o t/ner's portion of 
savings = deduction of 

NETCOSTTOOW 4ER $. 



Per diem cost of Contractor's consulting service as bid: 

Owner's estimate of cost = 30 days^ @ $ . as bid = 

Per diem cost of Subcontractor's consulting service as bid: = $. 

Owner's estimate of cost =15 days*^ @ $ .. as bid 

Total Cost Consulting Service = 



^See following pages for explanation of bid items. The explanation is not part of the documentation furnished to the 



- 



ERIC ^These estimated figure? (quantity shown for example only) may be given to the bidders for information, bUvtMs^ 
msmam^-yQQX is for Owner's use only. - - . 
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EXPLANATION OF SEVERAL AREAS OF SAVINGS INCLUDED IN BIDS 



1. Fee on the Base Bid. The contractor proposes a fixed fee percentage to be added to any job cost, 
including subcontracts, entailed in completing construction of the project as finally detailed by 
the architect. This may later be converted to a fixed price. 

2. Fee During Design Phase. The contractor is retained by the owner as a construction consultant 
during the working drawing stage, to reduce costs in the detailed design through application of his 
construction expertise. The method of payment is a per diem charge determined by bid. This 
applies to crime as well as mechanical, electrical, and other subcontractors. 

3. Cost of Bonds. Performance bonds are considered necessary. The cost or premium for these bonds 
varies among contractors. The contractor with the best performance record enjoys a premium rate 
of, say, $0.55 per $100, against his worst competitor whose rate might be $0.85. Where the owner 
requires the bonding of certain subcontractors after the prime award, an allowance is set up in the 
prime's contract to cover the cost of these premiums. Since it is estimated that not over 50% of 
the subcontractors require bonding, selectivity in this area by the contractor, the architect, and 
the owner keeps this contract cost to a minimum. 

4. Workmen's Compensation. This is another competitive area in the contractor's cost. The bidders 
are required to indicate their manual rate of insurance as set by the State. One contractor's rate 
may be as low as 65% of manual rate, while another's rate may be 125% or even higher, depending 
upon his past three years' experience nn Workmen's Compensation Insurance. One death on a job 
can materially affect a contractor's insurance rate on his job labor. This in turn affects the owner's 
cost. On a competitive basis, the contractor with the lowest rate saves the owner money. 

5. Indirect Job Labor Burden. The non-productive or indirect job labor used on the job site will vary 
somewhat depending on the contractor. Some contractors, usually the smaller ones, are tempted 
to move half their home office -orce out to the job site, in order that they thereby become a part 
of job cost for which the owner pays and on which the contractor can collect his base fee. Larger 
contractors tend to keep this indirect labor burden to a minimum. Thus, this becomes another 
competitive bid item as it aff ‘:;cts each contractor's net cost. Any personnel in this list not priced 
in the bid is considered part of the home office overhead. His cost is considered included in the 
base fee structure. 

6. Shared Savings. After the award of contract a prime contractor may come up with savings in cost 
by substitution of materials or change in method (with the architect's and owner's approval). 
Sharing of such savings between the contractor and the owner is include in contract provisions. 
This split or sharing can run from 5C/50 to 75/25 or even 100/0 in favor of the owner. It is 
another competitive item in the bidding procedure. 
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The above items indicate, generally, the enlarged areas of savings in the bidding in the Construction 
Management type of contract over the lump sum bidding procedure. In the latter procedure all the 
contractor's unknown risks and costs are lumped into the bid with an increase in the fee to cover the 
unknown overhead, and a hope for a fair profit. To be successful, the Construction Management 
documents must define clearly what constitutes job cost, office vs. field overhead, rentals on small 
tools and large equipment, the GOP or guaranteed outside contract price to be determined before work 
starts, travel expenses, and other such "general condition" items peculiar to this type of contsact. In 
the end, this approach provides for a quicker, cheaper, and better built job than is possible to obtain 
otherwise. 
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POST BID EVALUATION 
(Optional — For Owner’s Use Only) 



After the bidding, the low contractor is to submit the following before his bid is accepted. Should the 
low bidder fail, the second low bidder would be evaluated; 

1. Constructii n Experience: 

a. Types of construction contractor has specialized in during past five years: pts. 

1 = Poor; housing, wood 

2 = Average; housing, wood and/or concrete and/or masonry 

3 = Good; educational, industrial, commercial concrete and/or masonry up to 

$2,000,000 

4 = Excellent; ditto over $2,000,000 

b. Percentage of work done with contractor’s own forces: 

1 = Poor; 0% (maybe deduct 1 point for this type of "broker") 

2 = Average; 5 to 8% 

3 = Good; 8 to 12% 

4 = Excellent; over 12% 

c. Jobs successfully completed on this campus during past five years: (major pti 

jobs) 

1 = Poor; no jobs 

2 = Average; two jobs 

3 = Good; five jobs 

4 = Excellent; over five jobs 



2. Completion Ability: 



a. Has contractor failed to complete a major job, $50,000 or over, during past 
five years? 

1 = Poor; one or more jobs 
3 = Good; no jobs 
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b. How many major jobs ($1,000,000+) has contractor completed during the 
past five years within the original contract time schedule without regard to 
time extensions? 

1 = Poor; no jobs 

2 = Good; one job 

3 = Average; two jobs 

4 = Excellent; three jobs 

c. If ovyner's jobs, how many days of LAD have been assessed against 
contractor during past five years? 

1 = Poor; over 50 days 

2 = Average; 11 to 50 days 

3 - Good; 0 to 10 days 

4 = Excellent; none 

d. On prevto owner's jobs, do finishing trades drag out the job or does 
contractor push? 

1 = Poor; let subs run 

2 - Average; sets schedules 

3 ^ Good; sets schedules and regular meetings 

4 = Excellent; aggressively pushes subs 

e. On previous ovner's jobs, does contractor get alor^ well with subsand does 
he pay them promptly? 

1 - Poor; irritation and delays pay 

2 = Average; occasional quarrels, no cooperation 

3 Good; frointains cooperation, pays regularly 

4 ' Excellent, inspires cooperation and p>ays promptly 

I. Contractor's history of stop notices by subs or suppliers durir>g past five 
years 

1 ^ Poor, over 100 

2 - Average. 25 to 100 

3 ' Good. 0 to 25 

4 - Excellent, none 
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pts. 



pts. 



pts. 



pts. 



pts. 
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3. Personnel: 



a. Name of person in contractor's office who will administrate contract: 



1 = Poor 

2 = Average 

3 = Good 

4 = Excellent 



Based on past performance of contractor in areas of 
promptness and accuracy of submittals, price requests, 
payment requests, change orders ind other corres- 
pondence. 



b. Name of job superintendent in field who will be in charge of construction 



1 = Poor 

2 = Average 

3 = Good 

4 = Excellent 



Based on past performance of individual named with 
reference to his persona! performance considering job 
atmosphere, coooperation, administration of sub, will- 
ingness to negotiate fair values for changes and adher- 
ence to schedule requirements. 



4. Equipment 

a. Review amount, type and condition of contractor's equipment need for job: 

1 = Poor; has no equipment of his own 

2 = Average; plans to rent or lease 75% of equipment required 

3 = Good; plans to rent or lease 50% of equipment required 

4 = Excellent; plans to rent or lease 25% of equipment required 

b. How much of this equipment is liened? 

1 = Poor; 75% or more 

2 = Average. 25 to 75% 

3 = Good; up to 25% 

4 = Excellent; none 

c. By observation, is equipment well maintained? 

1 = Poor; rusty, poorly maintained 

2 == Average; well used, barely serviceable 

3 = Good; used but serviceable 

4 - Excellent; well maintaine<j and organized, reliably serviceable 



pts. 



pts. 



pts. 



pis. 



pts. 
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5. Work Lead: 

a. Other jobs contractor has on books to complete. Is he overcommitted for his 
size? 

1 = Poor; is already overcommitted and behind on completion 

2 -- Average; is straining under overcommitments but is not yet behind 

schedule 

3 = Good; is now working a full capacity and not behind 

4 = Excellent; this project will bring contractor to full capacity 

b. What other work is he planning to take on if he gets this job? 

1 - Poor; plans to add on all additional work he can get 

2 = Average; plans to add a large block of additional work 

3 = Good; plans to add work selectively 

4 = Excellent; plans to add work only as he completed existing commitments 
6. Client Relationship: 

a. On previous owner's work, does contractor work compatibly with owner's 
staff and/or architect? 

1 = Poor; has always had to be forced to cooperate 

2 = Average; reluctantly cooperative 

3 = Good; congenial and cooperative 

4 = Excellent; very cooperative and frequently assumes initiative in mutual 

problem solving 

b. If new to owner, review his reputation for this with other owners and 
architects: 

1 = Poor; has always had to be forced to cooperate 

2 == Average; reluctantly cooperative 

3 = Good; congenial and cooperative 

4 ^ Excellent; very cooperative and frequently assumed initiative in mutual 

problem solving 
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pts. 



pts. 
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c. Does he submit extras promptly, in good form without loading or leaving bad pts. 

taste? 

1 = Poor; leaves bad taste 
3 = Good; satisfactory 

d. Is he cooperative in administration of contract or does he build "his way"? pts. 

1 = Poor; "his way" 

3 = Good; cooperative 

e. Does he follow written instructions or give "lip service"? Pts. 

1 = Poor; "lip service" 

3 = Good; satisfactory 

f. Is architect satisfied with past performance? Pfs. 

1 = Poor; no 
3 = Good; yes 



TOTAL 



pts. 



On the above evaluations, a contractor could score a possible 83 points. A contractor scoring 65 or 
better on the Post Bid Evaluation and possessing the lowest acceptable dollar bid should be awarded 
the contract. 
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CONTRACT 

THIS AGREEMENT made this day of ,1971, by and between 

, herein called "Owner/' and 



Strike out (a corporation) (a partnership) 

applicable (an individual doing business as 

terms 



of 



County of , and State of , hereinafter called "Contractor." 



WITNESSETH: That for and in consideration of the payments and agreements hereinafter mentioned, 
to be made and performed by the OWNER, the CONTRACTOR hereby agrees with the OWNER to 
commence and complete the construction described as follows: 



(NAME AND LOCATION OF PROJECT) 



hereinafter called the project, on a fee basis, not to exceed the Guaranteed Outside Price, as specified in 
Article , Compensation, of the General Conditions of the Contract; and to furnish all the 

materials, supplies, machinery, equipment, tools, superintendence, labor, insurance, and other 
accessories and services necessary to complete the said project in accordance with the conditions and 
prices stated in the Form of Bid, the Information to Bidders, The General Conditions of The Contract, 
the Assignment Agreement, The General Conditions, the Plans, which include all maps, plates, 
blueprints, and other drawings and printed or written explanatory matter thereof, the Specifications 
and Contract Documents thereof as prepared by (name and address), herein entitled the Architect, all 
of which are made a part hereof and collectively evidence and constitute the contract. 

Xhe Contractor hereby agrees to commence work under this Contract on or before a date to be 
specified in a written "Notice to Proceed" by the Owner and to fully complete the project 
within consecutive calendar days thereafter. The Contractor further agrees to pay, as liquidated 

damages, the sum of $ for each consecutive calendar day work remains incomplete as 

hereinafter provided in Article of The General Conditions. 
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)WNER agrees to pav the CONTRACTOR in current funds for the performance of the contract, 
:t to additions and deductions, as provided in the General Conditions of the Contract, and to 

payments on account thereof as provided in Section , Payment Provisions, of the General 

tions. 

ITNESS WHEREOF, the parties to these presents have executed this contract in ( ) 

erparts, each of which shall be deemed an original, in the year and day first above-mentioned. 



;ST: 



(Owner) 



(Secretary) 



By 



(Witness) 



(Title) 



I 



(Contractor) 



By 

(Secretary) 



(Witness) 



(Title) 



(Address) 



E: Secretary of the Owner should attest. If Contractor is a corporation. Secretary should attest. 
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CONSTRUCTION MANAGEMENT TERMINOLOGY 



le present time, terms such as construction manager, construction consultant, and management 
acting are being freely and loosely used. The following is an attempt to clarify this terminology. 

term construction manager has been useo throughout this manual with reference to the basic 
taches discussed, and is used as defined below. 

•act 

ontract is a voluntary agreement between competent parties to do or abstain from doing some 
I act for a valid consideration." (from Successful Management for Contractors, L.C. Miller, 
aw-Hill Book Co.). 

ir or Client 

Owner is the person or organization identified as such in the Agreement and is referred to 
ighout the Contract Documents as if singular in number and masculine in gender. The term Owner 
s the Owner or his authorized representative. (See Gordon forms of Agreement.) Client may be 
ituted for Owner, but the latter is preferable. 

ractor 

Contractor is the person or organization identified as such in the Agreement, and is referred to 
ighout the Contract Documents as if singular in number and masculine in gender. The term 
ractor means the Contractor or his authorized representative. (See Gordon's Forms of Agreement.) 

ontractor 

bcontractor is a person or organization who has a direct contract with a Contractor to perform 
jf the work. Nothing contained in the Contract Documents shall create any contractual relation 
een the Owner or the Architect and any Subcontractor or Sub-subcontractor. (See Gordon's 
IS of Agreement.) 

ral Contractor. Prime Contractor, Building Contractor 
s terms are used loosely to distinguish between the various Contractors. 

le Owner has one construction contract for an entire project, then the designation is The 
ractor. 

s Owner has agreements with several Contractors, such as Site Contractors, Mechanical Contractors 
Electrical Contractors, the General Contractor may be given the responsibility of coordinating all 
/ork and may be designated The Prime Contractor or Building Contractor. 

f states also have specific licensing requirements relating to the role of General Contactor. 
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Construction Consultant 

Whether or not the Contractor or other Contractors have consultants is immaterial. The term should be 
confined to the Owner's prerogative to hire, on a professional basis, such a consultant to advise the 
Owner and/or the Architect. If he has duties and responsibilities other than consultive, he should be 
designated as Owner's representative. 

Contract Manager 

This is a misleading term. The Owner can designate one of his staff as Contract Manager or he can 
designate a representative (outside his organization) as Contract Manager— with full knowledge of the 
Contractor. Then, too, the Contractor may have a Contract Manager as distinguished from the 
Superintendent. The Owner's representative should be referred to as the Owner's Project Manager. Such 
a manager should be designated, and by name, especially if an outside firm or individual is designated as 
Owner's representative. 

Construction Manager 

Other than in this manual, this term has been used synonymously with Contract Manager. 

As used in this manual. Construction Manager is the Contractor's man responsible for the construction 
phases including procurement, expediting and other administrative matters. 

The term is applied to the Contractor selected either by negotiation or through competitive bid for a 
building construction job, for which a final contract price remains to be established after the selection 
of the Contractor. 

This term, as differentiated from General or Prime, is a semantic means to distinguish the method and 
means of arriving at a total Contract price. 

The main differences from Lump Sum Contracts are; 

1. The Construction Manager consults with the Owner and the Architect during the preparation of 
the final design, working drawings and specifications. 

2. The Construction Manager assists the Owner and the Architect in modifying the plans, if required, 
to bring the project within budget. 

3. The Construction Manager, the Owner and the Architect together open, review, and award or veto 
Subcontractor bids. 
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completion of working drawings. 





D. COST/PERFORMANCE CONTROL 

D,1 BACKGROUND 

D.1 .1 ABS was developed to meet two specific objectives: 

a. Improve the performance and adaptability of buildings and their subsystems in response 
to requirements of the users. 

b. Provide the highest levels of performance within a given budget or given level? of 
performance at the lowest cost. 

D.1. 2 Conventional levels of performance and cost were determined from detailed analyses of three 

University of California bioscience buildings and three science and engineering buildings at 
Indiana University and Purdue University. That effort is reported in the ABS Publication 2, 
Cost/Performance Study: Six Sc/erfce and Engineering Buildings. Portions are abstracted here 
for comparing existing buildings with ABS buildings. All costs reflect January 1970 prices in 
the San Francisco Bay Area (Engineering News-Record Construction Cost Index 1300.) 
Adjustment of these costs for differences in time and geographical location is required for 
application to a specific building project. 

D.1. 3 The control of cost and performance variables is implied in the second objective stated 
above. ABS criteria offer a variety of options permitting selection of the most advantageous 
combinations within a programmed budget. Cost/performance checks may be made at 
successive stages of project development. Different trade-off situations may be applied to 
individual space modules in the same building. This information provides the owner and 
design professional with a basis for comparative cost benefit analyses within the framework 
of the ABS subsystems packages. 

D.1. 4 The information needs to be tested and expanded to achieve the full potential of ABS. 

Suggestions for refinements and modifications will be welcomed. 

D.2 OVERALL COST CONSIDERATIONS 

D.2.1 The control objective is to provide the highest continuing facility response to owner/user 
needs within a programmed budget. Academic institutions usually express a budget in terms 
of initial construction cost, with little or no emphasis on continuing cost. 

D.2.2 Paradoxically, although reduced funding and competition for available resources places 
additional emphasis on first cost, the importance of first cost in relation to life cost is 
lessening because inflation is substantially increasing the costs of utilities, services and 
financing. 
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e O»wuption cost -difficult to assess, but a substantial amount, represents cost of 
occupants' time lost and academic equipment dowt. time 

0 4 2 Maintenarsce and operation costs are often given little attention. But convsnu jnal emphasis 
on first cost with its obfective to obtain a low Lud often results m use of materiaK and 
rrethocH adversely affectirsg the life cost of thebuikJir^. inferior quality increases operation 
and maintenance costs. Nationally, university records irsdicate that combined operations and 
maintersance costs incurred each year are from 2% to 5% of th< initial cost, and invanabty 
exceed the first cost of the facility m its useful lifetime^ For 1970, approxiinately 
S1.25/CX>SF per annum is the accepted average cost of operations and maintenance for 
academic buildings. Because of higlher use of HVA ^ and utilities, the cost for science ar>d 
ef>gineerirsg buildings ts considerably greater than tfits average. A small increment of saving 
annually in operation and maintenance costs would have a significant effect on life cost. 

O 4.3 Alteration or modification can be as minor as changing a door swing, or as major as the 
internal reorganisation of a building. The ability of a building to respond to change 
influences alteration costs. Records^ show that within the last forty years alteration costs 
have been as high as three times first cost. With academic requirements changing at an 
increasing rate, those facilities unable to accommodate changes economically will impose an 
inhibiting effect on the users. 

D.4.4 Where building alterations ar>d repairs prevent users from effectively working, the disruption 
cost can be measured in terms of the users' salaries for non-productive time. A conservative 
estimate indicates the average disriiption time cost to be 15% of the alteration cost. Use of 
the deep service space in the ABS space module would eradicate almost all of this cost. 



^Cumulative capitali/ed costs (book value) of the Life Science Building at the Berkeley campus of the 
University of California lose from initial construction cost of nearly tvio million dollars in 1928 to six million dollars in 

1968. 
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D 4 b T H#» ftnofiir*. if^volvfxj If'' lifr colt for a »ri» \hown briow Th<? T,^hi/la 2 too is tiaiofl on a 

bifty yr,H Mf’, 10.000 VI uafr loot t>uildtr>q conitriicl«J tn two a ro%t of S40 

wjuiirp t(M>t 





Cost 


% of Total 


F if St Cost 


S 400.000 


10 


lnierin'1 fmancir>q S?00.000 ^ 


32.000 


1 


Term financing 4% 


640.000 


16 


Opefations and maintenance 

SI ,25/sq f 1. escalating 5%/yf 
S860.000^ constant dollars 


2.000.000 


50 


Alterations 2 * first cost 


800.000 


20 


Disruption @ 15% of alterations 


120.000 


3 


Life Cost 


S3 .992. 000 


100% 


The most appreciable cost saving attributable to 


ABS appears to 


be in the substantial 



reduction of alteration and disruption costs. 



03 ALTERATION COSTS 

0.5.1 Adaptability is measured by the cost of making changes relative to first cost. The cost of 
change depi^nds cn several factors— the ease or difficulty of access to the components, the 
labor skir required, the time required, the disruption to users, the mechanical subsystem 
"dowrj-tirre** and the size of the isolation zone involved, and the equipment n ee d e d to make 
the change. 

D.5.2 Cost tests of adaptability were made during the ABS development. Since the ABS space 
rrxidule offers two aitcrrtative service space t.vpes. each having rather different implications 
for adaptability and cost of change, both were tested under the same conditions as for the six 
existing buildings. The succeeding nnodel. extending data from the ABS Publication 2. 
Cost/Performance Study: Six Science and Engineering Buildings, is based on a two-stage 
alteration project consisting of a typical plan segment of four 30' x 30' bays. 

D.5.3 The cost tabulations show the components and subsystems most expensive and least 
expensive to rrodify. and identify significant cost areas. The cost estimates assume the 
following factors for the two ABS buildings and the six existing buildings: 

a. Alterations A-B and B-C are made five years apart. 




70 



Floor finish material is not replaced throughout the altered spaces but is repaired as 
required. 

ABS partitions will not need general re1inishir>g. A scrap factor o1 !□% covers needed 
repairs and replacements. 

F ive percent of any suspended ceiling will require replacement. 

Exposed structural ceilings are repainted in affected rooms. 

HVAC zone addition costs are identical for double duct or rebeat single duel. 

As new laboratory casework is the same in all cases, its cost Is not included. However, 
the cost of removing existing laboratory cabinetwork is included. 



D.5.4 



ALTERATIONS MODEL 




1. chemistry lab 

2. office 

3. faculty offices 

4. typists 

5. leaching lab 

6. storage 

A. INITIAL PLAN 



1 . chemistry lab 

2. office 

3. faculty offices 

4. typists 

5. teaching lab 

6. prep room 

7. graduate research 

B. ALTERATION 



1. biology lab 

2. TA office 

3. dark room 

4. Teaching lab 

5. prep room 

6. graduate research 

C. ALTERATION 
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D.5.5 



ALTERATIONS COSTS 



ALTERATIONS A-B 



PAINTING 

CEILING 

PARTITIONS 

FLOORING 

PLUMBING 

electrical 

LIGHTING 

HVAC 

MISCELLANEOUS 
GEN. CONTRACTOR 



CALIFORNIA 



SANTA 

DAVIS IRVINE BARBARA 





INDIANA 






ABS 


BLOOM- 

INGTON 


INDIAN- 

APOLIS 


PURDUE 


SHALLOW 

SERVICE 

SPACE 


DEEP 

SERVICE 

SPACE 



483 


426 


474 


172 


-- 


-- 


-- 


3,195 


1,797 


1,762 


1,871 


2,035 


1,080 


1,080 


1,080 


1,080 


5,360 


4,247 


4,713 


3,956 


474 


501 


748 


628 


170 


330 


490 


210 


676 


916 


802 


1,510 


60 


60 


60 


60 


2,121 


1,958 


2,150 


2,698 



173 


172 


-- 


-- 


3,195 


3,195 


60 


60 


1,803 


2,030 


917 


917 


1,080 


1,080 


1,080 


1,080 


3,459 


3,594 


4,237 


4,002 


564 


667 


432 


397 


170 


290 


170 


170 


1,342 


2,170 


718 


644 


60 


60 


60 


60 


2,488 


2,784 


1,612 


1,539 



TOTALS 



12^21 11^0 12,388 15J544 14,334 16,042 9,286 8,869 



ALTERATIONS B-C 



PAINTING 


545 


469 


589 


231 


231 


231 


- 


- 


CEILING 


150 


150 


- 


2,840 


2,840 


2,840 


90 


90 


PARTITIONS 


1,284 


1,286 


1,248 


1 ,6ei9 


1,546 


1,667 


900 


900 


FLOORING 


120 


120 


120 


120 


120 


120 


120 


120 


PLUMBING 


1,650 


985 


786 


1,677 


1,233 


1,309 


845 


684 


ELECTRICAL 


355 


365 


383 


369 


432 


350 


369 


357 


LIGHTING 


720 


930 


620 


380 


920 


920 


430 


390 


HVAC 


758 


480 


558 


360 


806 


210 


240 


170 


MISCELLANEOUS 


180 


180 


180 


180 


180 


180 


180 


180 


GEN. CONTRACTOR 


1,210 


i,a^3 


942 


1,643 


1,745 


1,644 


667 


607 


TOTALS 


6,972 


6,012 


5,426 


9,469 


10,053 


9,471 


3,841 


3,498 



ERIC 
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D.5.6 

D.5.6.1 



D.5.6.2 



D.5.7 
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The succeeding charts indicate several pertinent factors concerning the cost of adaptability 
both in the existing buildings and in ABS buildings. 

Alteration A-B changes a Storeroom into a Preparation Room and Graduate Research 
Laboratory. Both ABS examples were less expensive to alter than any of the existing 
buildings. In California buildings, by far the most expensive item to change was the 
plumbing. In Indiana buildings, the ceilings were the most expensive to change because the 
suspended plaster ceilings had to be ripped out and replaced in the space being remodeled 
and in the space below. Plumbing costs in Indiana buildings were high for essentially the 
same reasons as in California buildings. In the two ABS examples, several items were identical 
in cost because of the service space concept. However, plumbing was the most expensive item 
to change because of the additional pipe required from the ser/ice space down into the 
rooms below, plus the addition of laboratory table outlets. 

Alteration B-C converts a Chemistry Laboratory and two Offices into a Biology Laboratory 
and Darkroom. Again, both ABS examples were less expensive to change than any of the 
existing buildings, with alteration costs in the Indiana buildings substantially higher than in 
the California buildings. In California, partitions and plumbing were the most expensive 
items to change; partitions costs were high because of adding new partitions and removing 
old ones; and high plumbing costs were again due to adding piping and outlets. In Indiana, 
the ceiling was again the most costly item to change. In the two ABS examples, as before, 
several items were identical. The partitions were most costly to change because of the large 
amount of wall to be relocated or demounted and stored. Plumbing was the second most 
expensive item. 



COMPARISONS: TOTAL COST OF ALTERATIONS. 



Alteration A-B Alteration B-C 



California buildings average cost 

Indiana buildings average cost 

ABS cost: shallow service space 
% of California average 
% of Indiana average 

ABS cost; deep service space 
% of California average 
% of Indiana average 



$11,963 


$ 


6,137 


$15,307 


$ 


9,664 


$ 9,286 


$ 


3,841 


78% 




63% 


61% 




40% 


$ 8,869 


$ 


3,498 


74% 




57% 


58% 




36% 
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D.5.8 



COMPARISONS: ALTERATION ITEMS AS PERCENTAGE OF TOTAL COST. 









ABS Buildings 




Average for 


Average for 


Shallow 


Deep 




California 


Indiana 


Service 


Service 


Alteration Item 


Buildinqs 


Buildings 


Space 


Space 




% 


% 


% 


% 


A-B Painting 


4 


1 


- 


- 


Ceiling 


- 


20 22 


1 


1 


Partitions 


15 


13 


10 


10 


Flooring 


9 


7 


12 


12 


Plumbing 


38 44 


22 25 


46 


45 


Electrical 


5 


4 


5 


5 


Lighting 


3 


1 


2 


2 


HVAC 


6-8 


9-14 


8 


7 


Miscellaneous 


1 


1 


1 


1 


General Contractor 


17 


17 


17 


17 


B-C Painting 


9 


2 


- 


- 


Ceiling 


2 


28-30 


2 


3 


Partitions 


18-23 


15-18 


23 


26 


Flooring 


2 


1 


3 


3 


Plumbing 


14-24 


12-18 


22 


20 


Electrical 


6 


4 


10 


10 


Lighting 


10-16 


4-10 


11 


11 


HVAC 


8-11 


2-8 


6 


5 


Miscellaneous 


3 


2 


5 


5 


General Contractor 


17 


17 


17 


17 



D.5.9 Th© foregoing comparisons clearly show that the ABS subsystems provide a positive benefit 
in terms of cost of adaptability. Coordination of the ABS subsystems and the ABS space 
module provides an environment that will respond to changing requirerriants at a reasonable 
price. Further, the results show the labor saving potential of the ABS building with deep 
service space for it costs substantially less to alter than the ABS building with shallow service 
space. In providing accessible service space, workmen can make alterations quickly, without 
disturbing the occupants below. 
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D.6 



DISRUPTION 



D.6.1 Disruption to users is an important factor in evaluating building adaptablility. Disruptions are 
less quantifiable in terms of cost and therefore infrequently considered in detail. The 
following study compares the effects of disruption to users during the course of the two 
stage alteration project (described in Section D.5) for the existing California and Indiana 
buildings and the two ABS examples. 



D.6.2 



EFFECTS OF DISRUPTIONS IN THE TWO-STAGE ALTERATION 
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6/3 



0 days 
1-6 days 
over 6 days 



Disrupted s 



paces 



alteration 


1 


2 


3 


4 


1 

5 


1 1 

6 I A 


Davis B 








V 






c 








?: 






Irvine B 








>: 






C 








1 






Santa Barbara B 














C 












Bloomincrton B 














C 














Indianapolis B 














C 














Purdue B 












C 














ABS shallow service B 




1 * 










C 




I 

,* 

> 


ii* 








ABS deep service B 














c 
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D.6.2.1 


In the existing buildings, conventional plumbing was the major expense because plumbing 
utilities must be brought from another area in use, involving new plumbing connections or 
rerouting. Because the waste lines were under the floor in the ceiling of the space below, that 
space was also disrupted. As many as five spaces vjere disrupted by the alteration in the 
existing buildings. 


D.6.2.2 


The ABS shallow service space example, with alterations only disrupting two spaces, is 
basically similar to the existing buildings with respect to plumbing and other utilities 
requiring access to the service space above the ceiling. However, its utility components are 
more readily adaptable since they are mounted on and do not penetrate partitions. The 
specific rights-of-way in the ABS service space also make the utilities more accessible. 
Further, the partitions are more readily demounted. 


D.6.2.3 


Alteration in the ABS deep service space example involved no disruption to adjacent 
academic spaces. 


D.6.3 


The disruption time in the two-stage alteration was determined by the tasks performed, the 
remodeling sequence and field conditions. The cost of the disruption time for university 
personnel was estimated at $70 per room disturbed per day of disruption. 


D.6.3.1 


The ABS shallow service space changes disrupted the space below about six days. The space 
being remodeled required another twenty days to finish, with a total room down-time of 
twenty-six days. The cost of disruption was $1 ,820. 


D.6.3.2 


The ABS deep service space changes did not disrupt the unremodeled spaces below. The 
changes within the remodeled space required fifteen days. The cost of disruption was 
$1 ,050— about half that cost in the conventional buildings. 


D.7 


ABS COST/PERFORMANCE BASE 


D.7.1 


Costs and the performance of subsystems in the existing conventional buildings are detailed 
in ABS Publication 2, Cost/Performance Study: Six Science and Engineering Buddings. The 
data is used here to compare with ABS costs for performance levels equal to or better than in 
the existing conventional buildings. Thus, the owner and the design professionals may; 

a. Compare ABS costs, and ABS subsystems' performance, with that of the six sample 
buildings. 

b. Evaluate ABS cost/performance alternatives. 


D.7 .2 


The performance levels reflect ABS response to user reactions and requirements, as 
determined by the ABS research. 



D.7.3 


The cost/performance data relates to four ABS subsystems— Structure, HVAC, Lighting- 
Ceiling and Partitions— used in a five-story building. Each floor is two space modules, each 
being 90' x 120'; the area per floor is 21,600 square feet. Each space module has an 
accompanying mechanical room in an adjacent service tower. 


D.7.4 


For the cost/performance base this ABS building uses the shallow service space with access 
through the ceiling. A performance model as comparable as possible to the existing 
conventional buildings is thus provided. 


D.8 


ABS PERFORMANCE BASE: COMPARISON WITH SIX EXISTING BUILDINGS 
(See table on opposite page.) 


D.8.1 


In the ABS Structure subsystem, bay sizes are 31% larger than average, an advantage for 
planning adaptability. Using conventional allowable deflections, the ABS design live load is 
100 pounds per square foot, an increase of 8% in load bearing capacity. The number of 
stones selected for the ABS base model is five; ABS permits eleven. The floor-to-floor height 
at 14'-7" is higher than the average for the existing buildings, but the structure/services depth 
at 5'-7" is a gain of 1'-4” over the average for existing buildings. The ceiling height at 9'-0" 
clear is 9" higher than in the existing buildings. These figures are significant for they show 
how ABS provides a structure/services depth for greater services capacity without 
compromising the ceiling height in the occupied space below. 


D.8.2 


The ABS performance base HVAC subsystem provides an average of 1.75 cfm/sq.ft. 
throughout the building. This average includes the greater air quantities required in high 
demand areas— such as laboratories— where 2.0 cfm/sq.ft. is supplied. 


D.8.2.1 


The ABS performance base exceeds the averages for the existing conventional buildings as 

follows: 

a. A gain of 50% in the average cfm/sq. ft. 

b. The ABS ratio of 200 OGSF/ton of refrigeration is 41% lower than the existing average 
of 338 OGSF/ton; thus cooling capacity is considerably greater. 

c. ABS provides 45% filtration throughout non-critical areas, with capability of achieving 
90% filtration in laboratory or other spaces requiring high filtration efficiency. This 
compares with 44% for the existing average. 

d. ABS performance base model vvas prepared on the basis of 1,000 square foot zones, 
slightly larger than the existing average of 855 square feet. Smaller zones may bn 
provided, at slightly greater cost. 

e. Only one of the existing buildings provided any humidity control, and then only in 15% 
of the building. ABS provides 100% at levels up to 60% relative humidity during 
summer cooling, and 30% relative humidity during winter heating. 
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D.8.2.2 ABS PERFORMANCE BASE; COMPARISON WITH SIX EXISTING BUILDINGS 





CALIFORNIA 






INDIANA 








SUBSYSTEM 


DAVIS 


IRVINE 


SANTA 

BARBARA 


BLOOM- 

INGTON 


INDIAN- 
APOLIS PURDUE 


EXISTING 

BUILDING 

AVERAGE 


ABS 


STRUCTURE 


















BAY SIZES 


600-800 


900 


900 


420-700 


600-770 


480-680 


685 


900 


LIVE LOAD 


50 


50 


100 


40-100 


50-100 


50-100 


93 


100 


STORIES 


6 


5 


6 


5 


5 


5 


5.3 


5 


FLOOR -TO 
FLOOR HEIGHT 


14'-0" 


12'-0" 


14'-6" 


1V-6" 


12'-0" 


13'-1" 


12'-10" 


14'-7" 


STRUCTURE/ 
SERVICES DEPTH 


5'-10" 


4'-0" 


5'-5" 


3'-6" 


3'-6" 


3'-2" 


4'-3" 


5'-7" 


CEILING HEIGHT 


8'-2" 


00 

q 


9'-1" 


8'-0” 


8'-6" 


9'-11" 


8'-3” 


9'-0" 


HVAC 


















CFM/SQ.FT. 


1.8 


1.14 


1.25 


.66 


1.05 


1.1 


1.17 


1.75 


OGSF/TON 


240 


295 


175 


450 


530 


340 


338 


200 


FILTRATION 


30%-35% 


35% 


50% 


90% 


35% 


35% 


44% 


45% 


OGSF/HVAC ZONE 


1,000 


670 


460 


1,000 


1,000 


1,000 


855 


1,000 


HUMIDITY CONTROL 
(% BUILDING) 






15% 










100% 


MECHANICAL FLOOR 
AREA (%OGSF) 


6.4% 


4.5% 


11.5% 


3.9% 


7.6% 


9.0% 


7.2% 


9.1% 


LIGHTSNG^EILING 


















FOOT-CANDLES 


not 

available 


not 

available 


not 

available 


not 

available 


not 

available 


not 

available 


not 

available 


70 


PARTITIONS 


















TYPE 


replaceable 


replaceable 


replaceable 

+ 

demountable 


replaceable 

+ replaceable 

demountable 


replaceable replaceable 


demountable 


STC 


35-40 


40 


35-40 


40-48 


40-48 


44 


41 


40 



Note that the ABS subsystems comparable model offers higher levels of performance than the average for existing university 
buildings. 
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The rrwchenical room area represents an average of 7.2% in the existing buildings. The ABS 
shallow ser\»ce space model, used in the foregoing performance base, uses 9.1% whereas the 
ABS deep service space requires but 8.3%. However, the existing buildings' figure is for 
HVAC equipment space only; the ABS figure includes all plumbing, electrical utilities, and 
MVAC. Further, the ABS HVAC subsystem handles nearly 50% more air and the equipment 
space therefor must be larger to accommodate this higher degree of performance. 


0^4 


The ABS Lighting-Ceiling subsystem performance characteristics are not readily compared 
with those in existing facilities because detailed information could not be obtained in the 
early phases of the ABS development. Unquestionably ABS offers improved levels and 
control of lighting. Moreover, ABS lighting-ceiling is a continuous plane, uninterrupted by 
panitions, throughout the space irx>dule. In the existing facilities, ceilings were usually 
omitted in laboratories arxi in some classrooms as well. Ceilings in laboratories respond to 
users' request for protection of experiments from the dirt which collects on exposed 
overhead mechanical equipment, ducts and piping. A ceiling also offers the opportunity for 
acoustical absorption needed in frequently nc 'lected spaces such as teaching laboratories. 


DBA 


ABS Partitions subsystems are designed to provide a Sound Transmission Coefficient of 40, 
comparable to the average des.gn performance of the existing facilities. 


0.8.5. 1 


Because ABS partitions do not penetrate the ceiling plane, they may be demounted and 
relocated easily. The intention is that ABS lighting-ceiling and partitions subsystems will 
provide a much higher degrer internal spatial adaptability than was previously available to 
users of academic buildings. With the additional provision for adaptable services, ABS 
buildings will be able to accommodate rapidly changing functional demands with no sacrifice 
in performance levels. 


D.0.5.2 


Many of the walls in the existing facilities are non-structural, replaceable, and removable. The 
remainder, particularly in non-seismic areas, are concrete block or masonry and though 
technically replaceable, are both difficult and dirty to remove. 
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D.9 ABS COST BASE: COMPARISON WITH SIX EXISTING BL1ILDINGS 

D.9.1 EXISTING BUILDINGS SUBSYSTEMS COMPARABLE TO ABS SUBSYSTEMS 





Structure 


HVAC 


Lighting- 

Ceilinq 


Partitions 


Total 

Subsystem 

Costs 


California 


Davis 


7.29 


4.20 


1.80 


3.39 




Irvine 


7.38 


3.66 


1.40 


2.96 




Santa Barbara 


7.78 


5.83 


1.62 


2.80 




California Average 


7.48 


4.56 


1.61 


3.06 


16.71 


Indiana 


Bloomington 


4.54 


4.56 


1.61 


4.98 




Indianapolis 


4.82 


4.85 


1.43 


3.96 




Purdue 


5.96 


4.17 


1.44 


5.33 




Indiana Average 


5.10 


4.53 


1.49 


4.76 


15.88 


AVERAGE — 6 Bldgs. 


6.29 


4.54 


1.55 


3.91 


16.29 


All costs are $/OGSF 


in January 


1970 prices 


for the 


San Francisco 


Bay Area (ENR 



Construction Cost Index 1300). 



D.9. 1.1 The above figures represent costs for subsystems in the six existing buildings studied 
comparable in scope to the ABS subsystems. Because ABS was developed for national use, 
the costs of each subsystem were averaged — both for all six buildings and for the two regional 
groups (California and Indiana). The total cost for the integrated ABS subsystems was 
limited to the total cost of the equivalent subsystems in the existing buildings. 



D.9.1. 2 The basic cost data for the six existisng facilities in California and Indiana was developed by 

the ABS consultants. The resulting costs were important determinants in the selection of the 
ABS subsystems. Most of the decisions limiting the range of the ABS subsystems are based 
entirely on cost considerations. 



D.9.1. 3 



An example was the decision to limit structural spans to 40 feet maximum. Obviously, clear 
spans up to 80 feet would satisfy all user requirements for adaptability by eliminating 
columns and providing a deeper structure for the interstitial service space. However, the cost 
of the longer span would have substantially exceeded the amount allowable for the ABS 
structure system. 
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D.9.2 



ABS MODELS COST BASE: COMPARISON WITH EXISTING BUILDINGS 





Conventional 


ABS 

Shallow Service 
Space 


ABS 

Deep Service 
Space 


SYSTEM 


Structure 


6.29 


4.80 


5 15® 


HVAC 


4.54 


4.32*^ 


4.12^ 


HVAC— campus energy conversion 


4.54 


.39 


.39 


Partitions 


3.91 


2.00 


2.00 


Lighting-Ceiling 


1.55 


2.25 


3.50 


Subtotal 


16.29 


13.76 


15.16 


NON-SYSTEM/SYSTEM INFLUENCED 


Electrical 


3.05 


3.05'= 


2.75'^ 


Plumbing 


3.90 


3.90'= 


3.50'^ 


Height (cost penalty) 




.34 


.56 


NON-SYSTEM/COMMON 


Site 


2.6G 


2.66 


2.66 


HVAC 


.54 


.54 


.54 


Partitions 


.96 


.96 


.96 


Ceiling 


.05 


.05 


.05 


Exterior Skin 


3.95 


3.95 


3.95 


Elevators 


.63 


.63 


.63 


Other 


2.21 


2.21 


2.21 


Subtotal 


17.95 


18.29 


17.81 


Total 


34.24 


32.05 


32.97 


General Contractor 


2.29 


2.14 


2.21 


(6.69/ for 6 bldgs, avg.) 


TOTAL 


36.53 


34.19® 


35.1 8^ 



^Additional height in structure subsystem with ABS deep service space costs $0.35- 
^HVAC spread of $0.10 each way from $4.22 average HVAC subsystem cost. 

^Same as conventional. *^10% less than conventional. 

®6% less than conventional. ^4% less than conventional. 
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D.9.2.1 The preceding chart breaks down the total building construction cost, comparing the ABS 
deep service space and the ABS shallow service space models with the average cost for the six 
conventional buildings studied. The performance level for the two ABS models is as 
delineated in subsection D.8. 

The costs of non-system work in the ABS models are assumed to be the same as for the 
conventional buildings, except that plumbing and electrical work for the ABS deep service 
space model affords a 10% cost reduction because of the ease of installation and the 
accessibility of utilities. 

The cost penalty for the additional floor-to-floor height in ABS buildings is discussed below. 
D.9.2.2 Building Height Cost Comparisons. 



COST OF HE IGHT 



ITEM 


ABS Shallow 
Service Space 


ABS Deep 
Service Space 


Conventional 
(Six Buildinq Average) 


Columns 


a 


a 


$0.04 


Elevator 


$0.03 


$0.03 


0.03 


Electrical 


0.02 


0.02 


0.02 


Exterior Vi/all 


0.10 


0.01 


0.10 


HVAC 


0.01 


0.01 


0.01 


Interior Wall 


b 


a 


0.06 


Plumbing 


0.02 


0.02 


0.02 


Shear Walls 


a 


a 


0.12 


Stairs 


0.01 


0.01 


0.01 


Cost/OGSF/ft. of height 


= $0.19*= 


$0.10<^ 


$0.41 



^Omitted because included in ABS structure subsystem cost. 

^Omitted because addition of building height does not affect ABS partition height partitions are 
9' high, regardless of building height. 

^The ABS shallow service space floor-to-floor height is V-9” higher than the average for the 
conventional buildings. The cost of this extra height is; 1.75 x $0.19 = $0.34/OGSF and is applicable to all 
space modules using the shallow service space. 

^The ABS deep service space floor-to-floor height is 2'-3" higher than the ABS shallow service 
space model. The cost of this extra height is; 2.25 x $0.10 = $0.22/OGSF. Also, the ABS deep service space 
floor-to-floor height is 4'-0" higher than the average for the conventional buildings. The cost of this extra 
height is; 

$0.22 = deep service space added non-system cost 
.34 = shallow service space added non -system cost 
$0.5^ = non-system cost penalty for deep service space 
.35 - added structure cost for deep service space 
$0.91 = Total cost penalty/OGSF for deep service space 
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D.9.2.2. 



D.9.2.2. 



D.10 



1 The preceding chart and tabulations show that the increased height in the ABS lodels 
adds to the initial cost. However, the ABS models offer decided advantages in terms of 
maintenance, utilities distribution and adaptability. 

2 The added structure cost of $0.35 for deep service space is the cost of increased column 
and exterior wall height. The exterior wall cost is also increased $0.01/OGSF/foot of 
height for additional caulking and the slight increase in exterior wall area over the ABS 
shallow service space model, as shown on the following diagram: 



EXTERIOR WALL COSTS 




ABS COST/PERFORMANCE ALTERNATIVES 

Many diverse factors influence cost: building configuration, space module area, construc- 
tion methods and local differentials, to name a few. All must be recognized in using this 
material as guidelines for cost/performance control of the ABS subsystems. The 
cost/performance alternatives are given to assist the owner and the design professional in 
appraising options for the highest level of performance within a given target cost, or a 
lesser level of performance at lower cost. 



This material will be expanded and refined to reflect the cost experiences in ABS projects. 






D.10.1 



ABS STRUCTURE COST/PERFORMANCE BASE AND ALTERNATIVES. 



D.10.1. 1 



D.10.1. 2 
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The ABS Performance Base (described in subsection D.8) and the ABS Cost Base 
(described in subsection D.9) were derived from a typical project with the following 
physical description: 

Construction Option: Cast-in-place, post-tensioned 

light-weight aggregate concrete 



Building Height: 
Each floor: 



Five stories of 16'-10" 

120' X 180' = 21.600 sq. ft. 
(two coupled space modules) 



Bay Framing Size: 30' x 30' 

The ABS shallow service space cost at $4.80/OGSF, and the ABS deep service space cost 
at $5.15/OGSF were derived from the following unit prices: 



Concrete in Place 

Normal: $30.00 per cubic yard 

Lightweight: 



$30.00 per cubic yard 
$33.00 per cubic yard 



Concrete Finishing: 

Formwork and Shoring: 
Slabs: 

Beam + girders: 
Columns: 

Reinforcing Steel 
In Place: 

Prestressing Steel 
(unbonded type) 
Complete 



$ 0.15 per square foot 



$ 1 .00 per square foot 
$ 1 .50 per square foot 
$ 1 .50 per square foot 



$ 0.16 per pound 



$ 0.68 per pound 



Costs for special treatment and finishes are not included. 

Costs do not include markup for contractor's overhead and profit. 



The above unit prices were also used in developing the alternative costs shown hereafter. 
All costs are based on January 1970 prices in the San Francisco Bay Area (Engineering 
News-Record Construction Cost Index 20— cities Average at 1300.) 
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D.10.1.3 



The ABS Structure Cost/Performance alternatives will vary substantially from projec?: to 
project. The chart below indicates a general pattern a id is intended to serve as a planning 
aid only. Individual costs for a specific project must be developed, taking into account all 
factors affecting construction at that location. 



cost 




A - 


8 


stories 


B - 


5 


stories 


C - 


2 


stories 



D. 10.2 ABS HVAC COST/PERFORMANCE BASE AND ALTERNATIVES. 

D. 10.2.1 The ABS Performance Base and the ABS Cost Base in subsections D.8 and D.9, 

respectively, were derived from the typical project solution described in subsection 
D.10.1. The ABS shallow service space base cost at $4.32/OGSiF, and the ABS deep service 
space base cost at $4.12/OGSF were based on the following assumptions: 



a. 

b. 

c. 

d. 

e. 

f. 

g- 



h. 



1 .75 cfm/sq.ft. average 

1,000 sq.ft, average control zone size 

Filtration 95% efficient throughout 

Exhaust duct sizes based on 45% OGSF in labs supplied at 2 cfm/sq. ft. 
Outside summer design temperature 97°F dry bulb and 77°F wet bulb 
Outside winter design temperature 0°F dry bulbs minimum 
functional areas (percent of OGSF): 
offices and classrooms 
laboratories 

toilets and janitor closets 
circulation and other space 
Occupancy densities: 
offices 
classrooms 
laboratories 



15% 

45% 

1 % 

39% 

one person/100 sq.ft, maximum 
one person/15 sq.ft, maximum 
one person/60 sq.t. maximum 



B6 
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i. Electrical heat gains: 



offices and classrooms 

laboratories 

toilets 



40 watts/ sq.ft, maxium 

5.5 watts/sq.ft, maximum 

1.5 watts/sq.ft, maximum 



j. Roof heat transfer: 



summer 

winter 



8.4 BTU/hr./sq.ft. maximum 
7.0 BTU/hr./sq.ft. maximum 



k. Wall and glass heat transfer: 



summer 

winter 



377 BTU/hr./lineal foot of wall maximum 
345 BTU/hr./lineal foot of wall maximum, 
including infiltration 



D. 10.2.2 



D.10.2.3 
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Control Plant Costs 

The following costs for campus energy conversion are additive to the ABS HVAC 
subsystem base cost: 

For campus steam and chilled water, add $0.39/OGSF 
For building boiler and 500-ton chiller, add $1 .03/OGSF 
For building boiler and 1 ,000-ton chiller, add $1 .41/OGSF 

Double Duct Supply Alternative 

The equipment cost for a double duct supply is approximately the same as for the single 
duct reheat supply used as the base. However, the cost of additional buiSding height to 
provide equivalent clearance around crossover ductwork is approximately $0.47/OGSF . 

In circumstances where the $0.47 first cost disadvantage may not be critical, and total 
owning cost can be evaluated, the following analysis can be used as a basis for choice: 

a. Operating Cost analysis has been performed for the Los Angeles climate and the 
Indianapolis climate. 

Assumptions : 

Operation 24 hrs/day, 365 days/year 
Average cfm/sq.ft. = 1.75 

Two space modules per floor at 12,000 sq. ft. each 
Normal occupancy 12 hr/day, 5 days/week, 52 weeks/year 

Only reheat energy inefficiency needs to be considered to determine the operating 
cost difference between the two types. 

In Los Angeles, the energy cost is $0.24/OGSF/year greater for the reheat system. 

In Indianapolis, the energy cost if $0.16/OGSF/year greater for the reheat system. 
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b. Owning Costs 



D. 10.2.4 



D.10.2.5 



D.10.2.6 



Assumptions 

40 years amortization, 6% interest rate 
Only differences need be analyzed 

Los Angeles operating cost difference 
Present worth of 47 cents first cost 



Indianapolis operating cost difference 



24.0 cents/OGSF/yr. 
3.1 c ents/OGSF/yr. 

20.9 cents/OGSF/yr. 

16.0 cents/OGSF/yr. 
3.1 

12.9 cents/OGSF/yr. 



In both the Los Angeles and the Indianapolis climc.::es, double duct supply although 
higher in first cost, is advantageous in total owning cost. 

Total Air Volume Alternatives 

The average air supply quantity is 1.75 cfm/sq.ft.; 

For 1 cfm/sq.ft. deduct: $0.95/sq.ft. 

For 2 cfm/sq.ft. add: 0.16/sq.ft. 

For 3 cfm/sq.ft. add: 1 .05/sq.ft. 

Separate Exhaust Alternative allows clean air and contaminated air producing activities to 
be economically housed within the same space module. 

If the building program indicates that some space modules (e.g., an all office, or all 
classroom floor) will never require a separate exhaust system, the cost of separate exhaust 
duct mains and branches can be deducted. The HVAC subsystem for that space module 
will then handle all return air through the service space as a plenum, exhausting part of it 
at the fan room to compensate for outside air make up. 

a. If the space module exhaust ductwork is deleted, deduct $0.75/OGSF for that space 
module. 

b. If all space module exhaust ductwork throughout the building is deleted, including 
exhaust fans and ductwork on roof, deduct $0.88/OGSF of building. 

Control Zones Alternative s 

The HVAC base cost is based arbitrarily on using twelve control zones per space module. 
The performance requirements call for 10 to 30 control zones per space module. 



The provision of additional control zones will increase the HVAC cost by $500-$600 per 
zone, including reheat box, ductwork, piping, control material and installation labor. 

As an example of the affect on total unit costs: 



D.10.2.7 



D.10.2.8 



D.10.3 



D. 10.3.1 
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12 zones/space module - $4.22/OGSF 

20 zones (+$0.27/OGSF) = $4.49/OGSF 

30 zones (+$0.54/OGSF) = $4.76/OGSF 

Humidity Control Alternative 

The omission of humidity control equipment will reduce the cost by approximately 
$2,500 per module, or S0.17/OGSF. 

Filtration Alternative 

The HVAC subsystem can provide filtration efficiencies from 45% to 95%. The first cost 
difference between 45% and 95% is approximately S0.03/OGSF. 

ABS LIGHTING-CEILING COST/PERFORMANCE BASE AND ALTERNATIVES 

Cost analysis of available products meeting the lighting-ceiling subsystem performance 
base (70 FC; 40 STC; one-hour fire-rating; 2 cfm air delivery) indicates that the lower cost 
coffered ceilings can be installed for S2.00/OGSF to S2.25/OGSF plus suspension and 
catwalk costs as described below. The cost base for the lighting-ceiling subsystem is 
$2.25/OGSF for the shallow service space model, and S3.50/OGSF for the deep service 
space model having catwalks coverage 30% of the ceiling area. 

Uiiit costs used in developing base and alternative costs are: 

a. Ceiling Suspension Rods also carrying the services components are 5/8" mild steel all 
thread rod. Rods are required in all space modules. Length and spacing will vary. In 
the access ceiling, rods are approximately 3' long; in the catwalk ceiling, rods are 
approximately 5' long. 

For access ceiling = S0.20/OGSF 
For catwalk ceiling = S0.25/OGSF 
(including structural inserts and nuts) 

b. Catwalk fixed components are the hanger and joists. In space modules where a 
catwalk is utilized, the supporting framework is installed throughout. Unit prices for 
these are therefore constant: 

5/8" mild steel all thread rods for catwalk ceiling $ 0.25/OGSF 

No. 10 gauge cold formed steel Joists 5' o.c. $ 0.75/OGSF 

Total for Joists and rods $ 1 .OO/OGSF 
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c. Catwalk Deck Panels. Cost of single panels is constant but percent of coverage varies. 



3.14 Ibs/SF grating, framed in panels 2’ wide 




$14.90/panel 


Unit prices for percent of area covered: 


30% 


$ 0.45/OGSF 




50% 


$ 0.74/OGSF 




75% 


$ 1.20/OGSF 


V/s" steel deck in 5' x 2' panels 




$ 10.00/panel 


Unit prices for percent of area covered: 


30% 


$ 0.30/OGSF 




50% 


$ 0.50/OGSF 




75% 


$ 0.76/OGSF 



d. Lighting-Ceiling 

Variation in the cost of lighting fixtures is so wide that only coffered panels are 
discussed herein. Unit costs relate to the number of fixtures required to provide the 
rrequired lighting levels. The required air delivery is also a variable factor affecting 
cost. The combined effect of these two variables on the average cost/OGSF of some 
lower-cost coffered lighting-ceiling subsystems is: 



Air 

Delivery 




LIGHTING LEVEL 




30 FC 


70 FC 


100 FC 


1 CFM 


1 .55-1 .80 


1 .80-2.05 


2.30-2.55 


2 CFM 


1 .75-2.00 


2.00-2.25 


2.50-2.75 


3 CFM 


2.05-2.30 


2.30-2.55 


2.80-3.05 




1/6 


1/3 


1/2 



Ratio Lighting Coffers to Flat Panels 



The chart above indicates that the performance requirements of 70 FC, 40 STC, 
one-hour fire-rated and 2 cfm air delivery of a coffered subsystem is $2.00-$2.25/ 
OGSF. 

D. 10.3.2 Lighting-Ceiling Cost/Performance Alternatives 

Following are examples of the unit cost figures used in a complete subsystem: 
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a. Suspended, coffered access ceiling 
with average performance level 
for suspension hangers to carry 
services 

COST/OGSF 

b. Catwalk ceiling with average levels 
of performance and 30% steel deck 
catwalk coverage 

COST/OGSF 

c. Catwalk ceiling with 100 FC 
performance and 75% expanded 
metal catwalk coverage 

COST/OGSF 





$ Low 


$ High 


lighting-ceiling 


2.00 


2.25 



add hangers 


0.20 


0.20 


2.20 


2.20 


hangers 


0.25 


0.25 


joists 


0.75 


0.75 


panels 


0.30 


0.30 


lighting-ceiling 


2.00 


2.25 


3.30 


3.55 


hangers 


0.25 


0.25 


joists 


0.75 


0.75 


panels 


1.20 


1.20 


lighting-ceiling 


2.50 


2.75 


4.70 


4.95 



D.10.4 ABS PARTITIONS COST/PERFORMANCE BASE AND ALTERNATIVES 

The base cost ol $2.00/OGSF for the Partitions subsystem is the same for both ABS 
models since all partitions are 9' high. This base cost is a responsible figure representative 
of a typical partition installation meeting the ABS performance base. The cost variables 
for finishes, accessories, and partition material are described below: 



D. 10.4.1 Unit costs used in developing alternative costs are: 



Doors 

Doors: 

Frames: 

Hardvrfare: 



$80-$ 100 each 
$60-$ 70 each 
$85-$ 100/door 



Panel Finishes 
Vinyl, factor applied: 
Vinyl, field applied: 

Paint, factory applied: 
Paint, field applied: 

Epoxy paint, field applied: 



$ .90/LF-$1.05/LF 
$1.80/LF-$2.25/LF 
$1.00/LF-$1.20/LF 
$ .90/LF-$1.35/LF 
$5.88/LF-$8.64/LF 
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Partitions Trim Finishes 



Clear anodized: $ .54/LF of finish on std. aluminum head section 

Light bronze anodized: $1.16 Lr of finish on std. aluminum head section 

Medium bronze anodized: $1 .33/LF of finish on std. aluminum head section 

Hanger Strips 

(Heavy duty hanger strips to carry utilities, casework and other wall-mounted furnishings, 
9' long, integrated into partitions at 30" centers.) 

Steel strut-type hanger strip, 5/8" deep: S2.90/LF of partitions 

Aluminum flush hanger strip, 5/8" deep: S4.00/LF of partitions 

0.10.4.2 Cost Range of Partitions 

These are combinations of the above unit costs with commercially available partition types 
meeting the ABS partition subsystem performance base. 

a. Nonrated noncombustible gypsum demountable partition, factory applied vinyl, clear 
anodized aluminum trim. 





Low 


High 


partition w/base 


S14.00/LF 


$16.00 


vinyl 


.90 


1.05 


anodized trim 


.54 


.54 


doors 


7.25 


8.70 


Total Cost 


S22.69/LF 


$26.29 




$ 1.71/OGSF 


$ 1.98 


One hour noncombustible progressive demountable partition, field applies 
medium bronze anodized trim, flush hanger strip. 


partition w/base 


$11.50/LF 


$14.50 


vinyl 


1.80 


2.25 


anodized trim 


1.33 


1.33 


hanger strip 


4.00 


4.00 


doors 


7.25 


8.70 


Total Cost 


S25.88/LF 


$30.78 





$ 1.95/OGSF $ 2.31 



D.11 



D.11 



D.11 
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c. One hour noncombustible clip-on steelfaced gypsum partition, factory applied paint, 
strut-type hanger strip. 



d. 





Low 


High 


partition w/base 


$25.00/LF 


$35.00 


paint 


1.00 


1.20 


hanger strip 


2.90 


2.90 


doors 


7.25 


8.70 


Total Cost 


$36.1 5/LF 


$47.80 




$ 2.72/OGSF 


$ 3.58 


One hour noncombustible gypsum and steel stud demountable partition, field 
epoxy paint, strut-type hanger strip. 


partition w/base 


$13.25 


$16.00 


paint 


5.88 


8.64 


hanger strip 


2.90 


2.90 


doors 


7.25 


8.70 


Total Cost 


$29.28/LF 


$36.24 




$ 2.20/OGSF 


$ 2.72 



ENVIRONMENTAL ISSUES 

A series of environmental issues of great concern to users of existing facilities emerged in 
the ABS research phase. Environmental problems, as yet unsolved, either interfered with 
the users' activities directly or made activities uncomfortable or unpleasant and therefore 
more difficult to perform. ABS was developed to solve as many of these problems as 
possible within the original ABS cost objectives. 



.1 VENTILATION 

Odor control is an important environmental requirement in laboratory buildings. Odor 
from a large amount of noxious effluent air may be caused by complex interrelated HVAC 
design problems, insufficient quantities of fresh air, insufficient air exhaust and/or 
movement within spaces, poorly planned distribution patterns, insufficient pressure 
control within each space type, and proximity of air intake to air exhaust locations. 

.1.2 The ABS HVAC subsystem supplies an average of 50% more fresh air than the average for 
the existing facilities, and can exhaust 100% of the air used in the building, i.e., supply 
100% fresh air if necessary. The potential for air movement within spaces is from 20-50 
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fpm in the occupied zone; the higher figure represents the level at which air movement 
begins to cause discomfort from drafts. ABS subsystem pressure control is by space type 
in order to isolate, through negative pressure, those building areas causing odor problems. 
Laboratories and toilets have negative pressure in relation to corridors, offices and 
classrooms— the most important spaces to be isolated from unpleasant or distracting odors. 
ABS subsystem air intakes are to the individual mechanical room at the space module 
floor level served; building exhaust is on the roof. Thus, possibilities for cross- 
contamination of air supply and exhaust are minimized. 


D.11.2 


THERMAL ENVIRONMENT 


D.1 1.2.1 


Science buildings differ from most buildings in that the environmental requirements for 
experiments must take precedence over the requirements for human comfort. In the 
existing buildings, users reported thermal conditions to be frequently unsatisfactory for 
both experiments and for human comfort. Spaces were often too hot or too cold, and 
without individual controls. 


D.1 1.2.2 


The ABS HVAC subsystem will maintain 75°F in winter and summer, and will provide 
users with room thermostats to control and maintain individual thermal environments 
within a tolerance of + 1>2°F. 


D.1 1.3 


LIGHTING 


D.1 1.3.1 


A well-lighted working environment is an important user requirement for performing tasks 
ranging from general classroom note-taking to precise, detailed experimental work. User 
reactions were that modern lighting tends to be too "bright.” Users sometimes confuse 
lighting intensity with brightness; the discomfort sensed may be due to the latter rather 
than the former. Typical lighting installations try to provide an overall high intensity of 
light that is, in many instances, too high for activities. 


D.1 1.3.2 


ABS provides alternative lighting levels ranging from 30 to 100 footcandles, with 

dimming capability. Portable lighting can provide the localized, high intensity lighting 
requested by many users for detailed work. The ABS coffered ceiling offers greater control 
of brightness and provides a better cut-off of lighting elements from the field of view. 

Cost/performance comparisons were based on a level of 70 foot -candles. 


D.1 1.4 


ACOUSTICS 


D.1 1.4.1 


Acoustical pproblems are of great concern— particularly in spaces where people have to 
perform quiet and intensely concentrated activities for prolonged periods of time. Noise 
such as intermittent human speech or intermittent mechanical noises from other spaces is 
most disruptive to building users. 



D. 11.4.2 The Sound Transmission Coefficient (STC) of ABS partitions is 40; noises of normal 
human speech on one side of a wall are inaudible in adjoining spaces. This STC applies not 
only to the partition panels, but to joints at the partition head and base, and to the ctjiling. 
A .60- .80 Noise Reduction Coefficient of the ceiling panel surface also provides an 
improved degree of sound absorption in the room where sound is generated. 
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THE ABS SUBSYSTEMS 



Conventional academic buildings are generally unable to economically accommodate the 
continuing physical changes required by academic programs. ABS was developed to achieve 
more adaptable physical space within the constraint of the construction cost for 
conventional buildings. Those performance/dimensional relationships most effectively 
Improving the quality and/or reducing construction and alterations costs were determined for 
each of the five ABS subsystems. Selection of the ABS subsystems was based on the 
following consideration: 

a. The subsystems must constitute a high percentage of the construction cost, to afford 
maximum budget control. 

b. They must be related to the construction process critical path, to afford effective 
scheduling control. 

c. They must be commercially available and composed of quality products, so as to result 
in designs acceptable to both direct and indirect users. 

d. The resulting environment must not deteriorate either aesthetically or functionally 
when changes are made. 

e. Component coordination must have the potential to reduce overall costs and/or 
improve the physical environment. 

Obviously, many aspects of building performance and cost are not determined by the 
characteristics of any one subsystem but depend on a high degree of coordination among the 
subsystems and their components. Within the performance/dimensional relationships 
established, the design professional selects from alternative cost/performance solutions those 
best accommodating specific conditions of the time and location, and as required for the 
building's continuing program. Whatever his selection, the desired level under field conditions 
is assured, in that the interface conditions have been resolved and the control necessary 
during design and installation has been provided. 

The ABS subsystems currently include: 

Structure 

HVAC 

Lighting-Ceiling 
Interior Partitions 
Utilities Distribution 

Guidelines are provided to ensure compatability with two non-ABS subsystems. These are 
Exterior Walls and Casework. 



E.5 The architect and his design consultants perform all design work, prepare calculations and 

details, decide questions of cost, performance and quality, and assume full responsibility 
therefor— just as for a conventional building. 

E.6 The ABS subsystems provide a fire-resistive building up to eleven stories high, whose 

permanent elements have at least a half century life, in line with current institutional 
practice, and whose adaptable elements facilitate economical modification. In planning 
concept, the building is composed of basic units called space modules; each is mechanically 
independent with main vertical services in an adjacent service tower. No proprietary solutions 
are involved in ABS; all materials are readily available, and easily applied to the local 
requirements related to climate, geography and preferences. 



F. STRUCTURE 

F.1 The information in this section is provided as a guide to the design professional, whose 

responsibility must include its interpretation and application. Local conditions, preferences, 
and less stringent code requirements for a specific project may suggest to him economies and 
variations which he is encouraged to investigate. When the design professional's requirements 
differ from the defined relationships, careful appraisal of the interface with the other 
subsystems will be required. 

F.2 This ABS subsystem includes all framing elements above the grade level to form a 

superstructure capable of resisting the vertical and horizontal load requirements imposed by 
building codes. It was found that wide structural spans are not critical for adaptability, and 
need not be over an economical 40 feet. This permits a simple slab and beam structure, 
supported by girders on columns— a conventional framing that allows maximum application 
nationwide. Performance/dimensional relationships established herein define the structural 
configuration, maximum member sizes, and general variations. These relationships respond to 
the stated loading criteria and to the various national building codes and ensure optimum 
interface with the other ABS subsystems. The numerious variations of both bay and lateral 
size provide a wide range of choice. 

F.3 The ABS superstructure may be concrete, steel, or a combination thereof. Any of three 

construction options may be used. These are: 

a. Concrete, cast in place® 

b. Concrete, precast composite 

c. Concrete and structural steel composite 

F.4 The ABS structure subsystem includes: 

a. Floor and roof slabs 

b. Beams 

c. Interior girders 

d. Interior columns 

e. Lateral force resisting perimeter frame 



®The ABS SET demonstration building described in Section L uses this option with prestressing and 
post-tensioning. It was calculated by the load -balancing method, taking into consideration full continuity requirements. 
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horizontal framing 




F.5 Excluded from the ABS structure subsystem are: 

a. Service Towers including mechanical rooms, stairs, toilets and elevators. 

b. Penthouses. 

c. Special structures including bridges, canopies, and cantilevers outside the perimeter 
frame. 

d. Basement walls and slabs. 

e. Crawl spaces. 

f. Foundations including grade beams, footings and piles. 

g. Slab on ground. 



penthouse 



service tower 



cantilevered 

sections 



canopy 

slab on ground 

grade beam 
crawl space 

basement walls 
basement slabs 
footings 




102 

O 




i s; 



i: loo 



The above excluded elements may be constructed utilizing ABS structure components where 
particular job conditions allow it. For example: 

a. Cantilevers may be an extension of basic horizontal bay framing. 

b. Penthouses may be an extension of ABS elements and alignments. 

c. Service towers and other exterior elements may be constructed of ABS components. 

d. Subgrade construction may be an extension of ABS framing. 

HORIZONTAL FRAMING 

The structural bay is a conventional slab-beam-girder framing of the following fundamental 
design: 

a. Structural components are located on a IC'-O” grid. 

b. Slabs are one way, five inches deep, spanning lO'-O", and frame into beams. 

c. Beams frame into girders and columns. 

d. Girders frame into columns and the lateral perimeter frame. 

e. Framing at any level must be in a single horizontal plane throughout a space module. 

f. Framing direction in adjacent bay must be parallel. 

FRAMING BAY SCHEMATIC PLANS: 



beam 



interior column 




lateral force 

resisting perimeter frame 

one way slab 
beams 

10' structural grid 
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F.7.3 



RANGE OF STRUCTURAL BAY SIZES: 



GIRDER SPAN 



20 ft. 30 ft. 



40 ft. 



BEAM SPAN 
20 ft. 



30 ft. 



40 ft. 




F.7.4 Variations possible within system members size limitations using non-ABS elements are: 

a. 10-foot girder span 

b. Cantilever girder and beam spans to 10' 
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F.7.5 ISOMETRIC OF HORIZONTAL FRAMING 



interior columns 
interior girder 
beam 

one way slab 



F.7.6 The horizontal framing bay is the primary structural component of the space module. Any 
combination of bay sizes may be grouped to produce the single space module. 

F.7.7 Any combination of beam spans and girder spans within the limits of specified bay sizes is 
possible. However, the 10-foot slab span and the 10-foot beam interval are fixed 
relationships. 

F.7.8 Bays may be combined using a minimum of two adjacent bays to produce the space module 
length or width. A favorable situation, of course, is created with a minimum of three 
adjacent bays of compatible spans. Lower costs will be realized with beam spans of 30 feet 
and bays of 20 x 30 feet, 30 x 30 feet, and 30 x 40 feet. 
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h.7.9 



TYPICAL BAY COMBINATIONS: 



2 bays minimum condition 



3 bays favorable condition 



uneven 

bays possible condition 



fJB VERTICAL-LATERAL FRAMING 

FA.1 COLUMNS 

Structural bay framing is supported at each corner. Interior columns are located only on 20, 
30. or 40 foot centers each way arxl along the girder lines. 

Exterior support it by the perimeter franrte columns 10 feet on centers. Interior columns vary 
in size with building height. 
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F.8.2 



PERIMETER FRAME 



F.8.2. 1 A load-bearing, moment-resisting perimeter frame surrounds the space module (or coupled 

space modules) to provide a completely self-contained lateral load-resisting frame. 

F.8.2.2 The perimeter frame described herein is based on columns at 10' -0” centers. This spacing 
provides resistance to high seismic loads, and conforms with the structural module beam 
spacing. Deviation from this column spacing, where seismic loads are negligible, will affect 
perimeter framing member dimensions that may be critical for interfacing conditions and 
clearances. 

F.8.2.3 Severe seismic loading will require another interior lateral force moment frame in a building 
over six stories high that uses coupled space modules of maximum size. The frame will be 
required on the line of space module coupling. 

F. 8.2.4 The perimeter frame shall be continuous and uninterrupted. 

F.8.2.5 Frame columns may vary in size with building height. 

F.8.2.6 Schematic Plan of Perimeter Frame 



service tower 
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F.8.2.7 Isometric: Vertical Perimeter Framing 
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F.8.2.8 Elevation of Lateral Force Resisting Perimeter Frame 



a. 



16'-10" floor-to-floor option 



roof 

floor 

floor 

floor 

floor 




upper girder 

lower girder 
column 

foundations 



b. 14'-7" floor-to-floor option 



roof 



14'-7' 



floor 



14'-7" 



floor 



14'-7' 



floor 



14'-7' 



floor 



10 '- 0 ' 




girder 



column 



foundations 
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F.9 



STORY HEIGHT 



F.9.1 The story height is developed from the service zone option forming a structure-ceiling 
sandwich layer for HVAC and utilities distribution. 



F.9 .2 STORY HEIGHT VARIATIONS 



Deep Service 
Space 



Shallow Service 
Space 




catwalk 

ceiling 



access 

ceiling 



F.10 BUILDING HEIGHT 

F.10.1 The building height may vary from 2 to 1 1 stories, with a 160 feet height limit In severe 
seismic zc~.?s. (UBC Zone 3 or NBC Zone H). The building may be composed of stories of 
different heights depending on choice of service space options. 
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F.10.2 



BUILDING HEIGHT RANGE 



F.11 



F.11.1 
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limit of 160' in seismic zones 



2-1 1 stories 



MATERIAL -CONSTRUCTION OPTIONS 



Regional differences and design preferences are accommodated by three basic material- 
construction options. 

CONCRETE, CAST-IN-PLACE, POST-TENSIONED AND REINFORCED 
Plan of Typical Space Module 




Slab: post-tensioned and reinforci 
Beam: post-tensioned 

Girder: post-tensioned 

Column: reinforced 

Perimeter Frame: reinforced 
and post-tensioned 



indicates post-tension forces 



V 
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F.11.1.1 



Post-Tensioning 



The horizontal framing is designed for an average prestress level of 250-300 psi in both 
directions. Slab prestressing, although optional, is recommended to achieve uniform levels 
of prestress compression throughout the building. The design professional must examine 
the prestress shortening effects on the building, and must design for the shears and 
moments induced by shortening effects. The selection of either bonded or unbonded 
strands is left to the discretion of the design professional. Costs will vary depending upon 
the post-tensioning selected. 

F.1 1 .2 CONCRETE, PRECAST, PRESTRESSED AND REINFORCED 

Numerous sub-options within a precast solution are available: 




indicates 
prestress forces 



Beam: precast, prestressed 

Slab: precast or cast-in-place 
or prestressed 

Girder, precast, prestressed 



Column: precast, reinforced 
Beam/Slab: precast, prestressed 



Perimeter Frame: precast, 
post-tensioned or 
cast-in-place reinforced 
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F.11.3 



STRUCTURAL STEEL, STEEL DECK. CONCRETE FILL 



F.12 



F.12.1 
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Slab: concrete fill over steel 

decks-composite section 



Girder: steel WF or plate 
Column: steel WF 

Beam: composite section w/slab 



Perimeter Frame: welded frame 



STRUCTURAL ANALYSIS 

The ABS structural subsystem is based on design of horizontal and vertical components by 
the ultimate strength method. The horizontal framing— slab, beam and girder--is to be 
fully continuous, acting as a homogeneous rigid diaphragm for distribution of horizontal 
loads. Vertically, the interior columns resist axial loads and the bending moments caused 
by unbalanced loads. The perimeter frame columns form a vertical load bearing wall and 
have fixed base conditions. The perimeter frame resists all lateral loads— whether 
earthquake, wind or thermal forces— and extends around vertical corners to form a 
continuous, tubular moment resisting rigid frame cantilevered from the foundations. 

The horizontal framework is to be analyzed by accepted methods. The concrete 
cast-in -place, post-tensioned option can oe designed by the load-balancing method, taking 
into consideration full continuity requirements. The precast, prestressed concrete option 
can be designed using standard prestressed design methods. The structural steel option can 
be designed by composite methods, utilizing the full capacity of framework and slab. 
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F.12.2 The vertical perimeter frame must take into account the full continuity of the entire 
perimeter, with concrete option interior columns designed by ultimate strength methods. 
The perimeter frame must be analyzed for moments, shears, axial stresses and lateral 
distortions, and is readily done using an appropriate multi-member frame computer 
program. Among many currently available computer programs, the following are 
recommended: 



Name 



Source 



STRESS 

EAC/EASE 

STRUDL 

MRI/STARDYNE 

FRAND 

PCA-FRAME 

FRAMSTAT 



IBM 

Control Data Corporation 
MIT 

Control Data Corporation 
Omnidata Services, Inc. 
Portland Cement Association 
University of California 
Professor E. Wilson 



F.12.3 The side effects to be considered for each building configuration include: 

a. Thermal expansion and contraction forces 

b. Prestress shortening effects 

c. Foundation settlement effects 

d. Opening and notch effects 

e. Deflections and long-time creep effects 



F.13 LIVE AND DEAD LOADINGS 

F.13.1 Basic live loads assumed for the ABS structure subsystem as shown herein are based upon 
building code requirements and building user information. Dead loads assumed are for a 
cast-in-place, reinforced concrete structure. The loading requirements for a specific project 
are the responsibility of the design professional involved. 

Note that the level of reinforcement in concrete members is a variable, as is the member 
size, as long as dimensional compatibility is maintained. 

F.13.2 LIVE LOADS 

F. 13.2.1 Roof live loading of 40 psf covers nominal snow conditions and partial utilization of roof 
areas for apparatus. 
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F. 13.2.2 


A nominal 100 psf floor live load allowance is used by ABS. Where the catwalk ceiling is 
provided, this live load may be divided into two components; 80 psf floor live load and 20 
psf catwalk ceiling live load. It is not anticipated that a full load condition on both floor 
and suspended ceiling would occur simultaneously. 


F. 13.2.3 


Special loads created by heavy equipment must be accommodated by special design and, if 
required, by increasing the dimensions of slabs, beams and girders. Floor live loads on 
beam, girders, columns and lateral force resisting frame may be reduced in accordance 
with the applicable codes. 


F. 13.2.4 


Floors shall be desinged for a concentrated 'oad of 2,000 pounds placed upon any space 
2’^-foot square. 

.f 


F.13.3 


DEAD LOADS 

In addition to their tributary dead loads and self weight, individual components shall have 
an allowance of 10 psf for mechanical equipment and ceiling. 


F.13.4 


LATERAL LOADS 


F.13.4.1 


The ABS lateral force resisting perimeter frame as described herein will comply with 
normal building code requirements applicable to the different geographical locations 
across the country. Wind loads of 40 psf and UBC Zone 3 and NBC Zone H seismic loads 
can be accommodated by the ABS structure. 


F.1 3.4.2 


The total seismic lateral force is defined in both UBC and NBC codes with the following 
formula; 




V = KCWZ where: 

V = Total lateral force at base 

K = Horizontal force factor 

(K = 1/0, space frame, moment resisting height less than 160 feet) 
W = Total dead load 

C = Dynamic coefficient 

Z = Seismic zone coefficient (Z = 1 .0 maximum value) 
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F.13.5 



TABLE OF COMBINED VERTICAL LOADS 



The vertical loadings for both service space options are: 



Combined Loads 
Catwalk Ceiling 

roof 

till XLL 40 
X X xDL 9 roofing 
I j ■ ^ 72 structure 

10 mechanical 

4, 4, 4, i XLL 20 
10 

total 60 lbs. live load 
101 lbs. dead load 



Access Ceiling 
roof 

4, 4, 4, 4, 4.LL 40 

X X J^DL^ 9 roofing 

I I ^ 72 structure 

' — ’ 10 mechanical 



. 4. X 10 

total 40 lbs. live load 
101 lbs. dead load 



floor 

[J 



X CL 2000 
4, X X X XLL 80 
X X X^*- 20 partitions 

- ^ 72 structure 

10 mechanical 



floor X CL 2000 

X X X X X^^ 100 
X X X*^*" 20 partitions 
-7 ^ 72 structure 

I 10 mechanical 



X X X X X*-L 20 
Q X X xDL^ 10 



X X XDL. 10 



total 100 lbs. live load 
112 lbs. dead load 
2000 lbs. concentrated 



total 100 lbs. live load 
112 lbs. dead load 
2000 lbs. concentrated 
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F.13.6 



SPECIAL LOADS 



Provisions shall be made for individual loads of a special nature, such as sensitive scientific 
equipment, heavy equipment, special framing configurations and dynamic or reciprocating 
loads. Special framing and details will be required for dynamic load isolation. 

F.14.1 DEFLECTIONS 

All structural components shall be designed within the following criteria: 

Vertical deflection limitations for horizontal framing shall conform to accepted criteria. In 
addition to span-ratio limits, actual dimensional limitations are imposed for beams and 
girders to insure framing of adequate rigidity for the occupant use. 

Roof framing systems shall be designed to insure positive drainage of water. 



slab 

beam 

girder 



element 




deflection limitation for DL+LL 
A = %60 



A - %eo 



Dimensional 

Loading Element Span Ratio Limit Limit 



Dead Load 


Slab 


1/360 


— 


long-term 


Beam 


1/360 


1 inch 


condition 
(2x Dead Load) 


Girder 


1/360 


1 inch 


Combined 


Slab 


1/360 


- 


Dead plus live 


Beam 


1/360 


1 inch 


Load condition 


Girder 


1/360 


1 inch 



O 

ERIC 



115 



117 



cn)«fi 4 lot »nti Mivnic induced k>«di. Th«t« limitationi insure adequate rigidity of 
th« (r«me to* norrrui occupant conditions, ard are intended to minimise problems of 
mtcrfece with other non structural components. 



story or 

buiding element 



Wind 



1 


' ■” 


-7 




story 


/ 


M 


or 


/ 




bdg 


f 



limitation for horizontal drift 
storm total building 



^ • 0.0025H A - 0.0026H 

0 44" lor 

H - 14* 7" varies with building height 

0.50" lor 
H • 16* 1C" 



Seism< 




A * 0 tX)35H 
0 61" lor 
H - 14* 7 * 

0 70 * for 
H » 16 * ia* 



A • 0 0035H 
varies with building height 



Oimemiorsal 

Element Height Limit Limit 

Wind (40 pill or Suildtng jr story 00?t H 1/2 inch 

Senme IU8C Zone 3 Buikfmg or story 0035 M 

or NBC Zone Hi 



18 



111 ) 




F.15 



TOLERANCES 



F.15.1 Construction tolerances are established primarily to allow proper component interface. 

Tolerances for components of either concrete or structural steel are the same insofar as the 
ABS demands are concerned. However, the individual materials and methods do have their 
unique requirements and standards to be observed during both detailing and construction. 

The following areas of tolerance are of concern: 

a. Floor-to-f loor height control for ceiling and partition installation. 

b. Ten-foot installation interval control for ceiling, partition installation and HVAC 
network support. 

c. Perimeter frame control for exterior cladding. 

F .15.2 TYPICAL CROSS SECTION 
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F.15.3 



PARTIAL PLAN 
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F.16 FIRE RATINGS 

The ABS structural subsystem shall conform to the requirements of UBC Type I or NBC 
Typie A construction to provide the following fire ratings; 

Slabs, beams, girders 3 hours 

Columns 4 hours 

Perimeter frame 4 hours ^ 

F.17 THERMAL CONTRACTION AND EXPANSION 

F.'*7.1 Consideration shall be given to thermal contraction and expansion effects on the structural 
components an^^ on the entire space module. 

F.17. 2 Thermal separation joints are not required with either a single or coupled space module for 

a normal range of operating temperatures. 
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F.17.3 The lateral force resisting perimeter frame and horizontal framing shall be des’gned for a 
temperature variation appropriate to the locality. Temperature extremes will require 
thermal insulation of exterior perimeter frame members to limit excessive stresses, strains 
and distortions. 



F.18 STRUCTURAL SEPARATIONS 

F.18.1 Structural separations shall be designed to accommodate the movements due to thermal 
changes and lateral seismic and wind loads. 

F.18.2 Provide separations under the following conditions: 

a. Between separate structures. 

b. Between wings of L-shaped or offset space modules. 

c. Between space modules and service towers or non-system elements. 



F.19 FRAMING COMPONENTS 

F.19.1 SCHEMATIC PARTIAL BUILDING SECTION 




14'-7” 




1^ p* 



y 
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F.19.2 



COMPONENT SIZE: HORIZONTAL FRAMING 



a. Girders support beams at 10-foot intervals. 

b. Span range: 20, 30 and 40 feet. 

c. Depth shall be cosntant in adjacent bays regarless of span. 

d. Beam section utilizes T-beam action. 



Section: (A) Beam 



grid 



I 
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CD 


CD 
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all spans 



Beams are spaced 1 0' on center 



Section: (B) Girder 



U> 





gri< 
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2E 


5” 


20 ft. span 






32" 1 


30, 40 ft. spans 
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F.19.3 



COMPONENT SIZE: VERTICAL LATERAL FRAMING 



The horizontal framing element forms the moment-resisting perimeter frame. The span is 
10 feet. 



Trr'*' T 



CN 



I I I 






1 ^ 



24' 



28' 






I column 
_L 



compatible with lateral perimeter 
frame column depths. 



Section (C): Lateral Force Resisting Perimeter Frame Girder 
Section (D): Side Wall, End Wall 



TTT^ 
I I I 



€NI 









CM 



24" 



28" 



column 

compatible with perimeter frame 
column depths. 



Section (E): Lateral Force Resisting Perimeter Frame Multiple Girders 
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F.19.4 



COMPONENT SIZE: VERTICAL FRAMING 



Colu.Tin size and capacity varies with the magnitude of superimposed load. The concrete 
column size variation is progressive and is indicated in four-story load-demand increments. 
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F.19.5 



VERTICAL FRAMING HEIGHT VS. SIZE 



Column size may vary with change in magnitude of superimposed loads, on either a 
stepped or tap>ered basis, or may be arbitrarily held at a constant size. 
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Interior Columns 



Stepped Lateral 
Force Resisting 
Columns 



Tapered Columns 
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F.20 CONFIGURATIONS 

The planning of an individual building utilizes the space module as the basic element. 
Space modules are grouped and connected in conformance with the following rules: 

F.20.1 THE SINGLE SPACE MODULE 

^ (max.) = 2 

w 

area = 7,500 to 1 2,500 sq.ft. 
lateral force resisting perimeter frame 

lateral force resisting perimeter frame 

no lateral force resisting frame (6 stories or less) 
area (max.) = 15,000 to 25,000 sq.ft. 

lateral force resisting perimeter frame 
no lateral force resisting frame 




W 



F.20.2 



COUPLED SPACE MODULES 




max. 




Construction of coupled space modules must be carried out as a single operation without 
expansion joints. 

F.20.3 Connected space modules occur when single space modules are constructed in phases, 
allowing for expansion. 
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lateral force resisting perimeter frame 
(double frame at separation for buildings over 
six stories) 

separation 
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F.20.4 



Offset space modules require complete perimeter frames at the offset zones. 



SM 



lateral force resisting perimeter frame 



K 



SM 



F.20.5 L-shaped configurations require separations at re-entrant corners. 

lateral force resisting perimeter frame 




separation 



F.20.6 SPACE MODULE SEPARATION 

Where separations are required between space modules, or between coupled space 
modules, adequate clearance shall be provide movement of structure under all loading 
conditions. 

Separation shall be a minimum of t*' (basic) + 1/2*^ for each story of height. 



SM 



SM 



separation 



F.20.7 



VARIATIONS WITHIN SPACE MODULES 



The integrity of the perimeter frame shall not be interrupted by horizontal framing or 
planning variations. 



Projections 




lateral force resisting perimeter frame 
continues through projection 



Recesses 




lateral force resisting perimeter 
frame continues across recess 



F.20.8 Variation in floor elevation, within a single space module, is not permitted. Elevation 
variations between connected space modules with separation between is permitted because 
these are treated as separate buildings. 

F.20.9 SPACE MODULE RELATIONSHIP WITH SERVICE TOWER 

The service tower may be non-ABS; is structurally separate from the space module to 
prevent eccentric loading from thermal, seismic or wind loading, and to provide vibration 
isolation. The service tower may be located at random outside the space module, but must 
conform to the basic 10 foot column interval for interface compatibility. 

The typical locations of the service tower are indicated for single and connected space 
modules. 
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F.20.9.1 Single Space Modules 



F. 20.9.2 
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service tower 



separation 




service tower 
optional separation 




service tower 



Connected Space Modules 



single space module 




coupled space modules 

service tower 
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F.21 



VARIATIONS IN STRUCTURAL COMPONENTS 



F.21.1 OPENINGS IN THE ONE WAY SLAB 

Vertical openings through the slab are allowed providing surrounding beams, girders and 
perimeter frames are not cut or interrupted. 

All openings require special design of slab and supporting framing. 

Vertical alignment of openings on adjacent building stories is not required. 

Horizontal framing must remain intact as a horizontal diaphragm for transfer of loads to 
the perimeter frame. 

The types of openings are: 

I Small size for pipes located within slab, supported by slab edge bands. 

It Medium size cutting across slab, maximum lenoth 4'-0", supported by slab 

edge bands. 

III Medium size clear opening between supporting beams. 

IV Large size, limited to 10' x 10' (nomiri^l), located on perimeter wall, to 
insure perimeter frame stability. 

V Large size, limited to single beam-girder bay. 

VI Large size, to accommodate service tower, does not allow for numerous 
random penetrations. 
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one way slab span 




(service tower) 



10' limit on perimeter 
end wall 



Type III Type 1 Type II Type IV 



F.21.2 BEAMS 

a. Depth to a maximum dimension of 24 inches varies with span. 

b. Depth is limited to afford HVAC and service network clearances. 

c. Depth for a single space module will be constant, being determined by the longest 
span. 

d. Width is 12 inches for normal conditions. 

e. Beams may not be p>enetrated either horizontally or vertically for service or HVAC 
lines. 

Largest standard beam Optional for special loads 




24“ max. 



12 ” 




24“ max. 




varies 




r V , 
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F.21.3 



GIRDERS 



a. Depth to a maximum dimension of 32 inches varies with span. 

b. Depth is limited to afford HVAC and service network clearances. 

c. Depth for a single space module will be constant, being determined by the longest 
span. 

d. Width is variable from 28 to 32 inches and is generally consistent with column size. 

e. Girders, if specially designed, may be p>enetrated either horizontally or vertically for 
service or HVAC lines. 




optional for 
catwalk ceiUng 






optional for 
ceilir>g access 




spar^drel 

t 1 

I optional 
I 



I 



optional 

'V 






I t 

' I 

I I optional 




basic 
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n.21.4 



LATERAL FORCE RESISTING PERIMETER FRAME 



F. 21.4.1 
F.21.4.2 



F 22 
F 22 1 
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Bdsic 6 i 0 rn< 5 nt sizes are those required for structural performance, and are based i-pon the 
concrete cast-in-place post-tensioned construction option. 

Girder and column size may vary individually and in relation to each other within 
reasonable limits, provided minimum cross sections are maintained and the integrity of the 
entire perimeter frame is not diminished. 



basic 

section 




column- 

girder 

offset 




uolumn- 

girder 

option 



basic 

section 

increase 




COMPATIBILITY WITH OTHFR SUBSYSTEMS 

The ABS suuclufal subsysiem provides ihe lolloping interface compaiibiltiv with other 
subsystems 

KVAC SOBSVSTEM 



The horizontal structural framing permits the HVAC duct md tj;uipm#nt network to pass 
below the floor framing and above the ceiling The horizontal siru-ture provides support 
for a*l HVAC ductwork and equipment below it 



The lateral force resisting perimeter fr jme perrr.its HVAC ductwork to pass from an 
interior service tow e r through the structure and into the mechanical service zone m the 
space module 



Basic 

Sectiuri 




ini 
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F.22.2 



UTILITIES DISTRIBUTION 





The horizontal structural framing permits the total utilities network (communications, 
electrical and plumbing) to pass horizontally between the floor framing and ceiSing. The 
horizontal structure provides support for all utility lines. 

The lateral force resisting perimeter frame permits utility lines to pass from an exterior 
service tower through the structure and into the mechanical service zone in the space 
module. 


F.22.3 


LIGHTING^ECLING SUBSYSTEM 

The horizontal structural framing provides the method of attaccment and support for the 
ceiling. Inserts in the concrete framing receive the suspension hanger rods. 

Catwalk ceiling: Attachment points at 5-foot intervals 

ak>ng the soffit of each beam. 

Access ceiling: Attachment points at intervals dependent 

on the grid bar used. 


F 22 4 


EXTERIOR WALLS 

The perirr^ter frame provides support for the exterior walls. 


F 22 5 


STRUCTURE INSERTS FOR OTHER SUBSYSTEMS 


F.22 5 1 


The design professional is responsible for designatirtg the location uf all structure inserts 
reQuared for the support of HVAC. utilities distf tbution arxf lightirtg^eilir^g subsystems for 
both the initial mstalWition and possible future alter atiom 


F 22 5 2 


Thv loading requirements on the suS(>ension harsgers are irKlicated m Section H.1S. 


f 22 5 3 


To provide maximum future adaptability , inserts m the structure should be installed m 
accorOaftce with the layout dimenSKKis tfKwen on the following two drawirsgs Only those 
suspension rods required by the initial configuration need be installed at tmw of building 
configuration 
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Catwalk Calling 
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HEATING, VENTILATING AND AIR CONDITIONING 



BACKGROUND 

The ABS Heating, Ventilating and Air Conditioning (HVAC) subsystem is intended to so 
constrain the effects of climate, occupancy, and the many physical characteristics of the 
specific building that a reasonable interrelationship is insured among them. The subsystem 
results from an effort to establish optimum relationships among the HVAC subsystem, the 
other ABS subsystems, the building in general and the functional use thereof. The 
description herein outlines the HVAC subsystem together with variations thereon. The 
methods indicated are valid within California and Indiana, and should be appropriate for 
most of the continental United States. 

The information in this section is provided as a guide to the design professional, whose 
responsibility must include its interpretation and application. Local conditions, preferences 
and more stringent requirements for a specific project may suggest tc him variations which 
he is encouraged to investigate. When the design professional s requirements differ from the 
defirted relalionshifjs, careful appraisal of the interface wk the other subsystems will be 
required. 



FUNCTIONAL AREAS SERVED 

The HVAC subsystem is intended to be applicable for the following functional areas and 
their ancillary spaces: 

a. Laboratories 

b. Classrooms 

c. Offices 

d. Corridors 

e. Public Spaces 

f. Meetir>g Roonns 

g. Toilet Rooms 

The conditions for each specific project involviisg areas such as the following must be 
examined to determine if supplementary equipment is rteeded: 

a Computer Rooms 
b Clean Rooms 
c Animal Rooms 
d Auditoriums 
e Growth Chambers 

- 137 
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G.3 ENERGY SOURCES 

G.3.1 ABS makes no recommendation as to selection of the energy source and energy conversion 
equipment. This is the responsibility of the design professional for the specific project, and 
should involve consideration of the lowest total annual owning derived from conditions 
of climate, energy cost, energy source availability, labor and equipment cost, maintenance 
and financing charges. 

G.3.2 Energy sources available to university buildings include: 

a. Campus steam or hot water 

b. Campus chilled water 

c. Natural gas 

d. Fuel oil 

e. Electric power 

G.4 WORK INCLUDED IN THIS ABS SUBSYSTEM 

The work included is those parts directly serving academic areas: 

a. Supply, return and exhaust fans 

b. Cooling coils 

c. Heating coils 

d. Filters 

e. Humidifying equipment 

f. Dampers 

g. Controls 

h. Supply ductwork 

i. Piping 

j. Reheat boxes 

k. Duct and pipir^ insulation 

l. Exhaust ductwork from labs and fume hoods 

G.5 WORK NOT INCLUDED IN THIS SUBSYSTEM 
The work not !ncluded consists of; 

a Central campus energy conversion equipment 

b. Central boilers 

c. Central chillers 

d. Cooling towers 
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e. Domestic or laboratory hot or cold water 

f. Ceiling supply and return registers 

g. Fume hoods 

h. Snow melting equipment 

G.6 DESCRIPTION OF HVAC SUBSYSTEM 

G.6.1 MECHANICAL SERVICE ZONE 

Each building is composed of one or more space modules that are one floor in height and 
from 7,500 to 12.500 square feet in area. A mechanical service zone is located above the 
ceiling in each space module. Each space module is mechanically independent of the rest of 
the building except for central energy conversion and distribution, and exhaust fans. Each 
mechanical service zone is served by an indepenoent air handling unit located in the space 
module's mechanical room in the service tower. The mechanical service zone houses ducts foi 
air supply and exhaust, and it also serves as a plenum for air return to the mechanical room. 

The air handling equipment, all vertical exhaust ducts, and all vertical conduit and piping are 
contained in mechanical rooms in the service tower, the latter is contiguous to the space 
module. Mechanical rooms are stacked in the service tower in proportion to the stacked 
space modules. 

G.6. 2 AIR DISTRSBUTION 

Supply of HVAC is medium velocity,^ by single duct with termin. ' reheat, with treatn:ent of 
the air for all zones — interior and perimeter — in the individual space module. Outlet terminals 
are strip diffusers in the ABS ceiling subsystem. Ceiling registers may be used, also. 

Supplementary convective heating at the exterior walls may be added in cold climates. 

Cool air is tempered by coils in the reheat boxes. Reheat boxes have integral automatic 
constant volume dampers. 

G.0.3 EXHAUST AND RETURN AIR 

G.6. 3.1 Air from toilet rooms, some laboratories, and fume hoods cannot be recirculated, i his air is 
ducted to a vertical shaft in the mechanical room and exhausted above the roof. Roof fans 
maintain a negative pressure throughout the exhaust ducts. Multip'a fans, operating in 
parallel on the building's main exhaust shafts, provide standby and facilitate subsystem 
expiansion. 



^OiMefentiiil ildtic inessufe ai ihe supply Ian will be in the ran^ie of 4" to 5" watcf column; the static pressure 
•n the supply duct m the range ol V to 2V/' wale, column For reference. ASHRAE defines n.«fium pressure ductwork 
as applicable to duct pressures between ?" arvf G” water column 
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G.6.3.2 

G.6.3.3 

G.6.4 
G G.4.1 

G.6.4.2 



G.6.5 
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The exhaust from fume hoods wherein radioactive materials are used shaii be independently 
filtered before entering the exhaust duct. Fume hoods using potentially explosive materials, 
such as perchloric acid, must be restricted to the top floor of each building so they can be 
equipped with internal washdown sprinklers and independently ducted vertically directly to 
the outside. 

All other air is returned through the mechanical sei'vice zone, acting as a return plenum, to a 
separate fan in each mechanical room. From this fan, air is blended with and/or exhausted to 
the outside in a variable ratio. 

RELATIVE AIR PRESSURE 

The entire building shall be designed under higher pressure than the out-doors, so as to result 
in building exfiltration. 

Air pressures within the building, to prevent undesirable odor migration, shall range as 
follows: 

a. Supply ducts (highest pressure) 

b. Offices, classrooms, corridors 
c Return air plunum 

d. Laboratories, toilets 

e. Exhaust ducts (lowest pressure) 




relative air pressure 



CONTROLS 

The central heating and chilled water plants shall have controls to maintain desired supply 
water temperatures. 
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SCHEMATIC FLOW DIAGRAM: HVAC SUBSYSTEM 
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G.7 OPTIONS FOR MECHANICAL SERVICE ZONE 

G.7.1 The ABS structure subsystem provides two options for the mechanical service zone. 

Laboratories and similar spaces involving frequent change will use the deep service space. 
Offices and classrooms involving infrequent service changes may use the shallow service 
space. Access to the deep service space is via catwalks from the mechanical room, while 
access to the shallow service space is through the ceiling, as shown below. 




Deep Service Space 
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Shallow Service Space 
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TYPICAL SECTlOfiS MECHANICAL ROOM AND SERVICE SPACE 
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G.9 PERMANENT ELEMENTS OF THE MVAC SUBSYSTEM 

G.9.1 Cotnponems located m the mechanical room and n/ed fo» the ma»imom antic<>aied N>aoa 
module loading are: 

a. Hot and chilled meter ri«ar« 

b. Exhaust air shafts 

G.9.2 Components located in the mechanical servioa zone above tt»e ceiling of the ipace morhite. 
and sized for the maximum anticipated space morAjle loading are 

a. Hot meter supply and return, serving reheat boxes 

b. Air supply main trunk duct 

c. Air exhaust main trunk ducts 




142 



146 



<. 1 



IvnCAl ri AJW\ MICMAAilC Al ACWM 



t%rm0 

wrvK» 

H\mcw 







140 

o 

ERIC 




f 



m 



<. 10 


ADAiTTAIflf lllMtNTSOr TMf MVAC WiftSVSTf M 


(, 10 ^ 


•r' =»-k »•» S#r»c»i<^ 

atfxl t aif f ccn^i/wlo^v 


<. in 1 ^ 


ts© nnOirr tw of %iwff«c*prit to *CKO(^.»^'ic>c|ip1^ IH* #»ictw4^^ 

f*w ^v^al«nt *^t*< tH»t ^mohiiM tt^ vrt» »» 

;»«« vo4%/<f^ c.«iO ^•(mod tK*t forf off«c» U%r try » fact orf of ti^ AltNcM^N tNf o^tpgd O* ar ^ 
far^ or' fw va^ *«v1 to aiCK:!0<rt-4M'»f>dat« a ^nctwr^itiot nxMa 

t'/^ »M«r at ftor^ o’*f*ca*i iataKirfalurf <»•: i^xxjki *mi*Hat«o»n pf a 

r^ienfc a*r f»nc9<*r^ «* fWf%^rK%»fy\ c^apaoty t% iric *MiaGic1 wtftatty 


G 10 1 ? 


THui pcrta43*e ttw cpuitMcfr a*t otail.a Ow#kl t*» a iMpa^ata opam^ng 1o-r Mct« 

rriGicfxjr^caJ »cPCKtr tait^ to > loya tHa favtiovai »r«l #ap*ac»*»wrii of u^dt far«cl9«ad 

G^vaoWlr try a^r oa wp9»aKlKl apac«» ^af 
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kicailaO tHa maicfwTt-ca^ aiav*c» /cw ataova tfw casting of tfw Hmcm modul# 

■fv W^cka 

a THa loaw a«r aupply cItfCU 

b Ra#MMrt boa4% 

c Hot «Mia» nuppiy b^aricti pap^ng lo 

d 1 al^Rjp baaritti dunt 

c Cont#o*% fof auppty 


ti !Q 3 


aaycl tpacAal ejiKau«^% «taoukJ ocKiloiw' ’O »riif*al ti0^f«^a*al»o« 

fwyijiramaatl^ 
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In fuluf* AIIM«l<am nrm «fc*cw •»H b* UM>««S 0«« lf»* i»wnAt M t«Qu*t«d Ttw 1.««d m*in 
<tuctt (ufWing fiKMUonualtv itMX>ld hAw* CA|ipM) Wuto* #i 10 loot c*nuw%. to allOMr 
btarvft CMmacliom aavii^OMi ituffiaga lo matn diaci lariiOQ 
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Eacti lannipf aiiaa ciOMaol a<on» aa»M ea«>k»tta one ot moi# #at«ttai boaoa. popitormf fiM 
ff^atfnum «ccMUbi(<iy THa*a laanpofaiuty ftnjidutiiunQ d^ncM tfVkiM ba i« o^datfy foiaffc 
hv «My fnia«ntaoanoa and pipang acionomy 
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AOATTABILirY CRITERIA 
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ipac* meaKA# 
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HVAC SUBSYSTEM ALTERMATIVCS 
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Relerr«ng to the loHowemg Rtytihrort^uic Chart, tha iwartn duct MOuk} be at Condition 2 
wJ itm cold duct at Condition 3, with miamg occurrirtg on line 2 3. The extreme 
condition It an imoocupred interior room eeth rx> load The biertdad air exHild be the tame 
at the room cortdition el 74^F arel 00% RH It, lor a no load room, the annual weathar 
oortditiont wtd the percentage ol mirodi'cad outvde air r«ult in a room relative humidity 
*i or below the aiiowatole maximum, the operating coct advantage it roalmd. 
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G.13 

G.13.1 
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G.14 
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A rtoublc duel, retreat syiteni requires tha' the air to :he warm duct l>o reheatetJ. the 
at>eratinq coits associated with this reheat energy are the same as for a single duct reheat 
system No cost advantage is gained although other cor.siderations may make Ihis system 
practicable 

Initial cost can be reduced, at the probable expense of higher operating costs, by installing 
package type equipment in the mechanical rooni. Such equipment would include integral 
air or water cooled refrigeration equipment, and gas fired or hot water heating equipment. 
Water cooled refrigeration equipment would prob'bly require use o. a cooling tovver. hot 
water heating equipment would require a boiler, or converters from campus steam or hot 
water There are obvious problems associated with condenser air in relationship to outside 
air intakes, and with flues from gas fired equipment 

The adaptability objective irsdicates medium, or high pressure, package air handling 
equipment, because of the need to use dial adjustable, mechanical constant volume control 
terminal units. 



SAFETY OF PERSONNEL AND PROPERTY 

Design of the HVAC subsystem shall preclude: 

a. Urscontrolled dispersion of materials harmful to persons, animals, plants, and build '' 
materials. 

b. Ttwj transfer of fire and smoke from their source to other parts of the building. The 
central system equipment shall have appropriate alarms to irtdicate malfunctions, and 
to provide advarKe warning for academic experiments depersdent upon a controlled 
environment. 

Fire safety design shall be per NFPA Standard 90A. Where approved by the State Fire 
Marshal, provide automatic exhaust operated by automatic smoke detectors pet NFPA 
90A. paragraph 1004, 1969 edition. The HVAC control system, when activated by a 
smoke detector or fire alarm, shall make tk? necessary adjustments to insure a negative air 
pressure in the fire section relative to all adjacent areas of refuge. 



ACCESSIBILITY 

All compKjnents should be designed and so located that routine maintenance, repair and 
minor alterations with minimal disturbance to the occupants and their activities. 
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G M 2 

G.15 
G 15.1 

G 15 2 
G.15.3 
G.15.4 



G.15.5 

G.15.5.1 



G.15.5.2 



Md|or repairs and alterations must be accomplisheit with minimum down time within the 
space involved, without interrupting activities in adjacent spaces. 



HVAC SUBSYSTEM PERFORMANCE CRITERIA 

The following criteria is intended to aid the design professional. Variations may be made 
to accommodate a specific building, subject to maintaining the appropriate interface with 
the other ABS subsystems, and compatibility with the total building requirements. 



CXJTSIDE AIR CONDITIONS 

The design shall accommodate those outside air temperatures and humidities exceeded 
during 2Vi% of the summer hours and 99% of the winter hours, as reported in the current 
ASHRAE Handbook of Fundamentals. 

ROOM TEMPERATURE 

The subsystem shall maintain 73°F on both a summer design day and a winter design day. 
Each control zone shall be locally and independently adjustable to maintain the set 
temperature, plus or minus one and one-half degrees (±. IVi®). 

ROOM RELATIVE HUMIDITY 

a. The subsystem shall maintain 30% to 60% relative humidity at a 73°F room 
temperature wheii room sensible heat ratios range from 90% to 100%. 

b. If humidity control equipment is installed, its controls shall be adjustable at the air 
handling equipment. Independent, local zone controls are not required. 

ROOM AIR QUANTITIES 



The suggested minimum total air circulation rates are: 



a. 


Offices 


1 CFM/sq.ft. 


6.7 air changes/hour 


b. 


Classrooms 


CFM/sq.ft. 


10.0 air changes/hour 


c. 


Laboratories 


2 CFM/sq.ft. 


13.3 air changes/hour 


d. 


Corridors 


% CFM/sq.ft. 


3.3 air changes/hour 


e. 


Toilets and 








janitor closets 


2 CFM/sq.ft. 





The maximum air circulation rate should not exceed 3 cfm/sq.ft. In ?»ny single room, nor 
an average 1.75 cfm/sq.ft. in the building. 
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G.15.6 
G. 15.6.1 

G. 15.6.2 
G 15.7 

G.15.8 

G.15.8.1 



G.1 5.8.2 
G.15."'.3 



OUTSIDE air ventilation 



The suggested minimum outside air quantities are: 



a. 


Offices 


25 CFM/person 


b. 


Classrooms 


15 CFM/person 


c. 


Laboratories 


20 CFM/person 


d. 


Corridors 


Va CFM/sq.ft. 


e. 


Lobbies 


V4 CFM/sq.ft. 


f. 


Undertermined 


V 2 CFM/sq.ft. 



The system should have sufficient outside air to provide 100% exhaust of laboratory 
rooms, fume hoods and special exhaust systems, and result in building pressurization. 



ROOM AIR VELOCITY 

Air motion within a room, between 3 inches and 72 inches above the floor, should be 
between 20 and 50 feet per minute. 



ACOUSTICS 



Room noise levels resulting from the HVAC subsystem supplying 3 cfm/sq.ft. to any 
occupied space should not exceed the following levels, expressed as Noise Criterion Curves 
as defined in ti.e current ASHRAE Guide and Data Book; 



a. Offices NC 35 

b. Classrooms NC 35 

c. Laboratories NC -.O 

d. Corridors NC 40 

e. Lobbies NC 40 

f. Toilets NC 45 



To insure acoustical privacy, the HVAC subsystem should produce room noise levels not 
less than NC 30 when supplying 2 cfm/sq.ft. to any occupied space. Sound transmitted 
from room to room via the HVAC distribution system must not exceed that permitted by 
partitions, floor and ceiling. 

All equipment generating vibration, or subject to forces causing it to vibrate, must be 
located and/or isolated so as to prevent significant transmission to other building elements 
and spaces. 
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MOdW tai»*VV AJM OUAUTV 


. a • 


tHc »•« Owl) b« lr«« of ob|6ciionable impurities irwluding gases, products of 

ciotn>«m^«>an (3fkn\. and particulate matter from the use of laboratories, toilets and 

tir-xto# c*cm 0 f%, iHgt may be Iramported from: 

» t»«e building by the return air syitem. 

t* Ti-<« oui of doors, m accordance with criteria established based on local conditions. 


(. IS. $ ^ 


t ibe mimed rtiturn air and outside air stream should have 95% minimum efficiency 

«n laboratory «pece modules. 45% in all other spaces, in accordance with the National 
Omiweu of Standards Atmospheric Oust (Discoloration) Method. 


» J 


Sa«ort cvrruiiing of exhaust air into the outside air intake shall be prevented if possible, by 
taopex local K>n of the air intake in relation to the building configuration. 


C. tv to 


IIOOM AIM QUAUrV 

Aa wrttun the occupied tone, up to :ix feet above the floor, sha 1 have a quality resulting 
«n rwnwi occupwit comfort, and minimizing occupant complaints about air described as 

' SUrfly” or "odorxMJS." 


C IV tl 


■UILOIMC f XHAUST AIM QUALITY 

THa duality of exhaust air shall coirv enforceable anti-pollution codes, rules and 

le^ilriioni In the ahserKe thereof, criteria may be established by the owner. 


<* IV 17 


AAOIAMT EMC ROY f ACTORS 

IHa subsystem shall result in a comfortable balance of radiant energy between occupants 
0 Ttj cMtMx mfiuerKes. includirsg direct solar radiation and cold window glass. Radiation 
nwv h* corttrolled by limiting the amount and type of window glass, exterior shading, 
eeMUV shadirtg. arwf/or with the use of supplementary heating elements below the glass. 


a IV t3 


SuRpeted artargy flow rate limitations are: 

• Maximum roof heat transfer 

Surtmer 8.4 BTU/hr/sq.ft. 

Winter 7.0 BTU/hr/sq.ft. 
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b. Maximum wall and glass heat transfer 



Summer 

Winter 



377 BTU/hr/lineal foot of wall 

845 BTU/hr/lineal foot of wall, including filtration 



G. 15.14 



G. 15.15 



G.15.16 



G. 15.17 
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c. Architects and engineers working on ABS buildings shall manipulate building 
orientation, exterior wall shading, percentage of glass exterior wall, glass type, 
interior shading, and exterior wall insulation to achieve energy flow rates not greater 
than those listed above. 

CLIMATOLOGICAL AND GEOGRAPHICAL FACTORS 

a. The subsystem shall relate to the local climate in a manner complimenting other 
specified, and non-specified implied criteria. Implied criteria includes considerations 
such as freeze protection, snow melting, the relationships building exhaust, outside 
air intake and prevailing winds, materials of construction and protection of materials. 

b. The subsystem components and their maintenance shall relate to geographically 
available spare parts, and maintenance contractors and qualified personnel. 

LABORATORY EXHAUST 

a. Hoods and other special laboratory exhausts shall provide constant exhaust air 
quantities, and contribute to proper air balance and relative air pressures in the 
rooms. Fume hoods shall have a dampered bypass for use when the hood door is 
closed. 

b. The requirements for laboratory exhaust may require the use of high chemically 
resistant exhaust grilles and ductwork, rather than the use of T-bars, air boots, and 
flexible ducts. 

HUMIDITY CONTROL 

The choice of humidity control equipment must result from consideration of local 

climatic conditions. 

ENERGY RECOVERY 

a. In areas of severe climatic extremes, energy recovery equipment should be considered 
to transfer, from the exhaust air to the supply air, energy otherwise wasted. There are 
two associated considerations: first, the effect of vapors in the exhaust air on the 
materials of the energy recovery equipment and, second, the rerouting of the outside 
air and exhaust air through the energy recovery equipment that would be necessary. 





b. The decision regarding the use of energy recovery equipment should be based on an 
economic analysis, including additional investment cost for the energy recovery 
equipment and revised air paths, less investment costs associated with the central 
plant heating and cooling equipment, and reduced heating and cooling energy costs. 

G. 15.18 CENTRAL PLANT 

a. A schematic outline of the central plant, including possible variations, is illustrated 
below. The variations recognize that the selection will be dependent upon the 
availability and costs of local energy sources, and should result from a comparative 
study of the long-range economics (i.e., total annual costs). 
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b. The central plant must deliver hot and chilled water to supply air handling and 
terminal equipment. 

c. Alternative heating equipment includes boilers and/or hot water converters. 
Consideration should be given to providing energy to the domestic hot water heaters 
from the central heating plant. 

d. Alternative water chillers include electric reciprocating types (for loads less than 150 
tons) and electrical centrifugal, steam absorption and hot water absorption types (for 
loads in excess of 100 tons). For loads between 100 and 150 tons the type is 
optional; the choice should include consideration of future additional loads. 

e. Alternative sources of heat rejection include cooling towers, spray ponds, wells, rivers 
and lakes. 

f. The sizes of the central plant equipment requires study for each individual building. 
There may be two loads for each building: the first representing the loads calculated 
for the initial construction and building usage, and the second representing the loads 
expected when the building is utilized to its future greatest capabilities. 

g. If the two loads above are very close together, the central plant equipment should be 
sized for the larger. If the initial loads are significantly lower than the future loads, 
the central plant equipment should be designed in multiples so that equipment can be 
added as the load increases. 



G.16 COMPATIBILITY WITH OTHER ABS SUBSYSTEMS 

G.16.1 WITH STRUCTURE 

The HVAC subsystem must not place concentrated loads on the structure that are in 
excess of those accommodated by the structure subsystem. Methods of attachment and 
support should not require modification of the basic structure configuration. No 
mechanical element may penetrate any structural element except floor slabs. Such 
penetration will occur only via openings specifically provided for that purpose. 

G.16.2 WITH PARTITIONS 

Terminals should not be located in, or supported by, partitions. Control leads from wall 

thermostats should rise directly into the ceiling service space without horizontal run. 
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G.16.3 



WITH LIOHTINOCCILIHO 



B. Air outlets will be Iccated exclusiwelv tbe ceiling end uiHioentlv sound tntuij-ed 
to prevent degrading the STC rating ol the ceiling. Pretjrred are tcrminais light 
enough to rest directly on the ceiling without additional support from tfie structure 
above. 

b. HVAC and utilities distribution loading on hangers shall not exceed that provided by 
the lightingoetling subsystem. 



The mechanical service zone will be subdivided into reserved zones for specific 
components of service distribution. As ductwork will require the largest amount of space, 
it must be carefully located to avoid interference with the efficient layout of other 
services. 



a. Hot water and chilled water lines serving HVAC equipment must have zone valves for 
each mechanical service zone. These lines must be completely independent of all 
other water lines. 

b. The following is an example of pipe sizes suggested for a building of 10,000-12,000 
sq.ft, space rrKxfules: 



G.17 COMPATIBILITY WITH NON-ABS SUBSYSTEMS 



G.17.1 



SERVICE DISTRIBUTION 



G.17.2 PIPING 



Chilled water piping 
Heating water piping 
Reheat water piping 



Conder>ser water piping 



21,100 GPM 
250 GPM 
250 GPM 



3,500 GPM 



12 " 

10 " 

4" 

4" 



G.18 



ENGINEERING GUIDE 



G.18.1 The intent herein is to establish certain techniques, ntethods and criteria to be used during 
design of the HVAC subsystem. 
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G IB 7 load CAtCUlATtOMi 

Hiwi tfiti toM «#»••• bv pt^ltKrtwil tf» w«tt> fH* lal^i AS*<WA| 

^ O^ f h JM* Ol 1 * 0 * O* It*# COO*^^ 

IomH Minwrm* room 0^ <m«n«ilOA. <« cub< Imfi tm rtw»wf* (clfnl tlWli tw 
from ih»w lo«H 

G 18 3 RfTVAMAIMPAN 

Tlw t«lu»n 00 Im tfwuM b* tMtwd to* Itw «*r (|u«nlitv r«Qui*«l m • vlu«<*on «r«lt*owt 
IAb(V«lon«k tMl #«ould b« mo(fit*«blc 10 t«cilii«t» tutor* ctiarign m Ifciildmg uimn tti* 
xoducod opOTAtion m 0 tituAtion «w«ttt rmnrmum UborMorMl 

G.18.4 OUCTSinMO 

*. Th* madAAn ««locuv mAMi duct 4NMI h*i»« a maKimum volocilv ot 3.000 t**t par 
mmuta (tpml. Oucts dowatattaam trom itta mama dtall ba at raifcioad wlocrtMn. 
craaiir^ static ragun. Tba ragain dtail ba aooountad tor m iba tan static praMjra 
catculatmrv 

b. Low vatocity supply ducts, oowmiraam trom labaat bosat. artd latutn and axbauvt 
ducts Shall ba saaii on tha basis ol 0.08 mcb ot <«atar par 100 taat ol duct, twt not to 
asoaad a w locity ot 1 .500 tpm. 

c. Tha toUowing is mi anampl* ot HVAC distribution capacitia* tuggastad 



FOR A 12JH»0 tOFT. tFACC MOOULf 



Sarvioa 

Supply air (ducti 
Ratum air (sound trap) 
Exhaust air (ducts) 
Rahaat watar pioing 



Exhausa air (dtafts) 



Flow Rata Caoaaty 

21.000 CFM 

16.000 CFM 

11.000 CFM 
30GPM 

FOR TEN IFACf MOOUtU 

130.000 CFM 



Sim 



48** X 24*’ owal 
56** x52** 

2 •26** X 24** 
IV* 



2»12<rx36* 
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C* 18 ^ 
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/IM cwuwrtm 



G 18 6 



G 18 7 
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A«jn»r*«Mac oon«*» f»lwrn and cla*np*rt trtall t» wml »o« tnaaimum poM4>tc —i 

cyuwniMin. A «fclio<n ol «* ma*m**Hv aOnfUmti lo» mm.»nuni 

bv dt*conn*cl«<J lfO*« l»w «KH»ol vfttwtn Thpw wct>ont of |tw <to«T>p«n 
«utcMttvi« 4 Mlv conl»ol1*d !»»••• U«<H •»o«' 1^1' c*o*k 1 to lull ctm* lo mnimutn to 

tna«*r*ivm 0m qpuani’liM 
lOUWO ATT! NUATKM 

• Tfw «« iMiHKlItf^ cor-^JOnAnn #«all inoorpor«i* «ound •narA*«ting thm&c 

fncAidinQ cluci limofl &ntS/ttt tound impt il naocnary. *<> matniAin iht 
<«qutr«d mriATxxn nxvn norw 1rw«H Tb* daiamMnation ol tt»* raquiraniantt for »oc6 
c*Mr«cttrict«s «»mII ba twM«d ort ih* tound powfW ImH of Itw tuppfy. raium and 
•KtMuft itw calcuUtion ma i bod ouiiawf m iha taiasi ASHRAE Guidt and 

Oala BooA 

b Adaquaia pracauiion* tmil nova to ba ukan aniti raipact 10 ai^ipmani, piping and 
duct moummgA. panatratiorH of found barriari. nructura, pfpmg and Juct bom 
vdiralionc. and non# wanammionf tlwou^ aquipmani am# anch w urg*- 

MPIMO Vf lOCtmt 

W*t» «tec*!*« *" !*»a i»yd»«n^ *r«*an* dwl- not •■road tha follownng; 



Mat OfAMf TIR 



incHat 


GPM* 


FPS* 


\ 


3 


30 


1 


7 


3.5 


114 


IS 


35 


1H 


30 


3.5 


? 


40 


4.0 




70 


4.5 


3 


135 


5.5 


4 


350 


6.5 


6 


700 


8.0 


8 


1400 


9.0 


10 


3100 


95 


•GPM 


gaHom par mmuia 





^FPS * faat par meond 
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C188 rOM 10O\ AIM EXHAUST. NO RECIRCULATION 

Wtwtr tlx repuirvfTxnit for e H«cific buiKJing uiggesl an HVAC subsysfCRt design for 

lOCXV oui»>da air. the deep tervKe space shall be used, arxi the following corxlitions will 
apply 

G 18 8 1 With the flexib«lily to convert to the use of return air: 

a Ad|usl the outside, return and exhaust air dampers to fixed positions of 100% 
outside, no return and 100% exhaust air. 

b. Alternativelv, delete the outside, return and exhaust air dampers and substitute 
plenum walls for the return air damper and plenum openings for the outside and 
exhaust air damperv 

G. 18.8.2 Without the flexibility to convert to the use of return air: 

a. Delete the return air fan; the outside, return and exhaust air dampers; the exhaust 
louver; the return air sourKl trap and much of the related plenum construction. The 
supply fan would connect directly to the outside air louvers. 

b. Increase the size of the exhaust ducts above the ceiling of the module, the exhaust 
risers arxJ the roof mounted exhaust fans. 



G.19 AIR BALANCING 

G.19.1 A critical step in the development of an adequately performing HVAC subsystem involves 
the balancing of the air arxl water distribution. The followirtg requirements ara 
appropriate: 

a. Balancing shall be performed by an approved balarKing specialty firm per 
recommendations of AABC. 

b. Duct and outlet readings shall be made with Anemotherms or Velometers of recent 
calibration. Readings on large air intakes, coil banks and filter banks shall be made 
with anemometer. Static pressure readings shall be taken with inclined tube 
manometer. Electrical current readings shall be made with clamp-on type ammeter. 

c. Automatic control systems shall be adjusted for normal operating conditions. 

d. Tests shall rK)t be conducted until all doors, and windows are in place, or under 
normal traffic conditions. 
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G.19.2 



G.19.3 



G.19.4 
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A continuous record should be kept of all test readings with a typewritten air balancing 
report to be submitted upon completion. Report shall include at least the following 
information, giving both specified design figures and actual observed figures: 

a. Fans: 



Number, service, model and size 
Delivery in CFM 

Static pressure: suction, discharge and total 

Voltage: rated and actual 

Motor amperage: rated and actual 

Motor sheave diameter: adjustable or solid 

Fan sheave diameter 

Motor RPM 

Fan RPM 

b. Filter banks and outside air, return air and exhaust air cfm's. 

c. All supply, exhaust and return air outlets; showing outlet location by room number 
or other suitable means. Include key plans if necessary to identify location. 

Supply outlet deflection setting 
Supply outlet size 
Supply outlet design CFM 
Supply outlet actual CFM 
Return or exhaust outlet size 
Return or exhaust outlet design CFM 
Return or exhaust outlet actual CFM 

Adjust air quantities to following tolerance: 

a. Each outlet: 10% plus or minus 

b. Each room with multiple outlets: 0% to plus 10% 

c. Fans: 0% to plus 10%. Adjust or change fan drives as required to provide required air 
quantity. 

In addition to the foregoing tolerances, balancing shall result in a total building pressure 
greater than the outdoor pressure, and relative pressures among building elements ranging 
from higher to lower in the following order: 

a. Supply ducts (highest) 

b. Offices, classrooms, corridors and lobbies 

c. Return air plenum above ceiling 

d. Laboratories, tjilets and janitor closets 

e. Exhaust ducts (lowest). 
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G.19.5 Allowance shall be made for air filter resistance at time of tests. Main air supply to be at 
design air quantity at pressure drop across filter banks midway between pressure drop for 
clean and dirty filters. 

G.19.6 After completion of balancing, operate all systems and equipment under normal working 
conditions for three (3) consecutive seven (7) hour days and submit record of 
performance. 

G.20 WATER BALANCING 

G.20.1 Balancing should be performed by an approved balancing specialty firm, in accordance 
with recommendations of AABC. 

G.20.2 Balance all water quantities to specified gpm's at venturis. At all other locations balance 
by return water temperatures. The following data should be submitted: 

a. Venturis: Service, location, size, required gpm, measured pressure difference, 
resultant actual gpm from venturi curves. 

b. Pumps: Number, service, model and size, impeller diameter, suction pressure, 
discharge pressure, total head, elevation of each gauge above floor, rated motor 
voltage and amperes, actual motor voltage and amperes, required gpm, resultant 
actual gpm from pump curves. 

c. After completion of balancing, operate all systems and equipment under normal 
working conditions for three (3) consecutive seven (7) hour days and submit record 
of performance. 
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H. LIGHTING-CEILING SUBSYSTEM 

H.1 This ABS subsystem provides lighting-ceiling throughout the space module, below the service 

space reserved for horizontal distribution of utilities and services. The criteria and designs 
shown herein derive from relationships with the other ABS subsystems in satisfaction of the 
AES objectives. There is no intent to imply that any particular material or application 
thereof is mandatory. 

The information in this section is provided as a guide to the design professional, whose 
responsibility must include its interpretation and application. Local conditions, preferences 
and less stringent code requirements for a specific project may suggest to him economies and 
variations which he is encouraged to investigate. When the design professional's requirements 
differ from the defined relationships, careful appraisal of the interface with the other 
subsystems will be required. 

H.2 Two basic lighting-ceiling conditions are to be accommodated: 

H.2.1 First, a lighting-ceiling subsystem suspended directly from the structure. Access to the service 
space is through the ceiling from rooms below, via removable components. 

H.2.2 Second, a lighting-ceiling subsystem with walk-on capability, consisting of catwalk framing 
suspended from the structure, with lighting-ceiling components suspended from the catwalk 
framing. Access to the service space is from the service tower via catwalks. 

H.3 The ceiling and lighting components foi both conditions are identical except for length and 
attachment of the suspension wires. 

The two conditions are shown below, in vertical section: 








lei 
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<> 4 T»^ ASS liq^iiny ceiling uibsystefn includes: 

a CefMeiii con^Moents. consisting of hangers, joists, and catwalk panels. 
t» L^lingceiling components, consisting of suspensi wires, ceiling grid, ceiling panels, 

and lighting fixtures. 

«• 4 1 iKU 4 t«eO AMO CCILING COMPONENTS 




LIGHTING AND CEILING COMPONENTS 



Sutpfmawi Hangars tncludt method of adjust- 
ftwwH. eruKhmant above, and provision for 
atiactung unltty and ductwork trapezes. 

itnwn MKfuda ati ac bmant to hangers and pro- 
««4M9n to* reoawtng catwalk panels and ceiling 
auMMmion wires. 

Carwe* piMwH mckidc attachment to joists, 
gadtets. ar¥l penetrations for vertical services 
wtwre tequeed. 



O 




Suspension wires to either structure or catwalk 
joists include attachment and method of 
adjustment. 

Ceiling grid includes attachment to wires, attach- 
ment and support of intermediate grid bars, 
ceiling panels, lighting fixtures, vertical ser- 
vices penetrations, and HVAC terminals. 

Ceiling panels include attachment to grid, pene- 
trations where required for vertical services, 
HVAC terminals, and recessed lighting fix- 
tures. 

Lighting fixtures, recessed or surface mounted, 
include attachment to ceiling grid, flexible 



H.5 This subsystem shall make provision for other subsystems as follows: 

H.5.1 HVAC terminals: supported by ceiling grid, includes any mechanical boots, diffusers, fire 

dampers or return air devices integral with luminaires, suspension devices, panels, insulation 
and trim pieces required to maintain acoustic and fire-rating qualities. 

H.5. 2 Services penetrations: supported by ceiling grid or ceiling panels, includes method of 
penetration, trimming, insulating, and sealing around services piping required to maintain 
acoustic and fire-rating qualities. 

H.5. 3 Partitions attachment: to grid bars on 5'-0" x 5'-0” module or intermediate bars as required, 

for fixing partition head and transmitting lateral forces from partitions to structure. 



partitions 

attachment 




PROVISIONS FOR OTHER SUBSYSTEMS 



H.5,4 Hangers for HVAC and utilities distribution: suspended from structure, coordinated with 
hangers for support of lighting-ceiling subsystem, sustaining loads as described in Section 
H.15. 



SCOPE OF ABS LIGHTING-CEILING SUBSYSTEM 




services penetrations 



partition attachment 



catwalk hangers 

catwalk panels 

recessed fixtures 
air boots 
ceiling grid 

ceiling panels 
surface fixtures 



1 WORK EXCLUDED FROM THE ABS LIGHTING-CEILING SUBSYSTEM 

a. Exterior lighting. 

b. Special effect lighting. 

c. Supplementary lighting: any activity level lighting required in addition to the 
lighting-ceiling. 

d. Distribution conduits and wiring. 

e. Branch circuit conduits and wiring. 



mi: 
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f. Switchboards and panel boards. 

g. Switches and switch-drops. 

h. Diming devices. 

i. Convenience outlets, communications or other receptacles and wiring. 

j. Inserts in structure: for hangers or suspension wires. 

k. Partition head. 

l. Perimeter trim or blind-boxes: other than standard perimeter ceiling grid bar. 

inserts in structure 



I 

I 




h.8 fixed and adaptable components 

H.8.1 The catwalk's fixed components are the suspension hangers and joists, together with the 
number of catwalk panels required to maintain lateral stability of this subassembly. The 
catwalk's adaptable components are the remainder of catwalk panels required for access to 
services and utilities for maintenance and alteration purposes. 
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H.8.2 The lighting-ceiling's fixed components are the suspension wires and the 5*-0" x 5'-0" ceiling 
grid. The adaptable components are the intermediate grid bars, ceiling panels, lighting 
fixtures, and HVAC terminals. 

H.8.3 The adaptability of the academic spaces is improved as intermediate grid bars, ceilir>g panels, 
lighting fixtures, HVAC terminals, and service penetrations can be changed and rearranged 
within the 5'-0' x 5'-0" planning module to accommodate varying requirements. 

H.8.4 The fixed and adaptable components are shown below: 



ADAPTABLE COMPONENTS 



catwalk panels 



recessed fixtures 



HVAC boots 



ceiling panels 



surface fixture 

partition 

attachment 

services 

penetration 




PERMANENT COMPONENTS 



joists 
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H.9 



CATWALK ADAPTABILITY 



H.10 



H.10.1 



H.10.2 
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Adapl^lily ol lt>« caWMlki providn «x«h lo oitwr building components wnlbm the wrw«« 
H»cc. Tbe catwalk araes and locatiom may during ttia Ida ol tha bulking. w»tti soma 
panels ralocated. ramowad, or addad Cats^lk locations dtoukJ ba Mcb m to awo*d 
concentrations ol vertical penetratiorts lor HVAC tarminaK and vartici.; services. Moa^ver. 
catwalks and catling panels shall ba capable ol penetration, sudh as s h own below 




CONFIGURATION ADAPTABILITY 

A maior design raquiramant of tha lighting^ling subsystem is tha ability to rearrange 
catwalk panalv partitiom. ligbting fiMturas. catling panah. air diHutars. and all sarvices 
penetrations as needed to a c c ommodate room changes. 

All terminations shell be achieved with a visually and structurally compatible uim. A ^Mctal 
configuration Shall be provided for tarminationB at oolumm. located at the intersection of 
module lines. 

All elements shall coordinate with tha plarv.tr^ of 6*G" * both on the grid and 

within it. 
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H 10 3 C««ling grKl and poncH allow for umpi* ponnion hood allocbmant. and for 

poriiKm rvlocalion. without >rw|or domagt to tht mattriaK. Partition attachment must be 
poM4>le Of points not more than 80 inches opart in either direction w4iere partitions ore oH 
the orid. and not more than 30 inches ooert otherwise. 



ottoc wnents 



penition on module 



partition oH module 



ceiling grid 5' x 5' 



partition mid-module 



H. 10.4 The ceiling may be other then a horizontal pione. but horizonul ceiling grid bars ore required 
to receive the partitions. 

H.10.5 The ceiling shall be hung at a uniform height above the floor. 

H.10.6 Lightir^ elemen t s shell be interchangoeble with ceiling panels without alteretion to the 

suspersiion. A lighting eleme nt dtall be able to route 00 degreai within the grid, with all 
s ervi c e s ecoommodated. A lighting element shall be allowed within each 8* -O’* x 5* -O'* grid, 
and within a half -grid of 5* -O'* x 



H.1 1 SERVICES ACCESS AND PENETRATIONS 

Acceoi to wrvice t pere above coiling is by eithor a catwalk or up through the ceiling. In either 
case, the sorvioe space shall be icceMihIa without damagt or alteration to any component. 

H.1 1.1 Electrical utilities must be allowed routing from the service space above the ceiling into 
ponitions and adiocent to partitions. 
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H.11.2 

H.11.3 

H.11.4 

H.11.5 

H.12 

H.12.1 

H.12 2 
H.12.3 



H.13 

H.13.1 

H.13.2 



Utilities other than electrical must be allowed routing from the service space above the 
ceiling down adjacent to. but not within, partitions. 

Horizontal distribution of utilities and services occurs above the ceiling. Distribution to 
partition service consoles, where used, shall be vertically through ceiling penetrations. Such 
penetrations shall be by simple cutting and drilling of holes as services are installed, sealing to 
preserve acoustic qualities, and replacing panels when services are removed. 

HVAC supply and return air op»enings shall be accommodated by the lighting-ceiling 
subsystem. 

The lighting-ceiling subsystem shall provide the required sealing to provide the air return 
integrity of the plenum service space above. 



FIRE PROTECTION REQUIREMENTS 

The ABS lighting-ceiling subsystem shall be U.L. listed as a one-hour fire-rated assembly. 
Thus, when used with the ABS partitions subsystem, a one-hour fire separation can be 
provided at the ceiling plane. 

Ceiling panels shall have a Class 1 flame spread rating of 25 or less, per ASTM E 84-68. 

Light control elements shall not con- 
trib«Jte irritating acid or noxious gases 
as by-products of combustion, and shall 
have a Class 1 flame spread index. 

(Class III materials may be used if 
exposed surface does rK>t exceed 20 
square feet in any 100 square feet of 
ceiling area.) 

ACOUSTIC REQUIREMENTS 

The room-to-room sound attenuation shall be STC-40, per ASTM E 90-66T. 

The lighting-ceiling subsystem, including light control, ceiling panels, grids and suspension 
shall have a sound absorption level of NRC 0.65 to 0.75 at 500 cycles per second. 



s 





S continuous ceiling 


\ 

1 hi 


/ 

< — 




flamespread 
Class 1 : 25 or less 

— > 
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H.14 


LIGHTING REQUIREMENTS 


H.14.1 


Ceiling light reflectance values for non-luminous elements shall be 80%, minimum. 


H.14.2 


Light reflectance value of the ceiling panels shall not be reduced by more than 5% when 
cleaned per the manufacturer's instructions. 


H.14.3 


The lighting components shall be capable of providing illumination levels between 30-100 
footcandles at the work plane. 


H.14.4 


Illumination at the work plane at any point more than 4'-0" from walls shall be within 25% 
of the average illumination level. (For test purposes, illumination shall average 70 footcandles 
maintained.) 


H.14.5 


To prevent distracting non-uniforniity in brightness, crosswise and endwise brightness 
distributions of luminaires shall comply with the scissors curve graph. The ratio of maximum 
to average luminaire brightness must not exceed 5 to 1. The luminance ratio between 
luminaires and surfaces adjacent to them must not exceed 20 to 1. 


H.14.6 


Minimum brightness of any area within the room: 

a. Not more than 12" in least dimension shall not be less than 10-foot lamberts measured 
at any angle. 

b. More than 12" in least dimension shall not be less than 16-foot lamberts measured at 
any angle. 

(Brightness measurements of all surfaces within the room shall be made using a 
luminance meter listed in lES Handbook, 4th Edition. Measurements shall be made from 
points 48" above the floor.) 


H.15 


LOADING REQUIREMENTS FOR CATWALK 

The catwalk deck sh*,;! extend over areas as designated by the design professional. The 
catwalk components shall support workmen engaged in construction, maintenance, repairs 
and alterations, as well as HVAC and utilities distribution, and the lighting-ceiling 
components. Vertical loads shall be transferred to the structure only through the suspension 
hangers, located at 5'-0" x lO'-O" centers for catwalk, and additionally as needed for HVAC 
and utilities distribution at 5'-0" x 5'-0" centers maximum. 
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H.15.1 Suspension hangers for catwalk panels shall support the following loads: 



a. Live load: 20 Ibs./sq.ft. total ceiling area regardless of catwalk deck area. 

b. Dead load: 10 Ibs./sq.ft. catwalk and lighting-ceiling components. 




H.15.2 Suspension hangers for HVmC and utilities distribution: 

a. Piping: 10 Ibs./sq.ft. in maximum density areas. 

b. Ducts: 5 Ibs./sq.ft. in maximum density areas. 

c. Electrical: 12 Ibs./sq.ft. in maximum density areas. 

d. Branch panel: 100 lbs. each. 

e. Electrical: 24 Ibs./sq.ft. in limited areas near mechanical room. 

f. The maximum loading occurs at crossover of electrical main and HVAC lateral with 
reheat box. Use 20 lbs./sq.ft. in that area. 





• * 

catwalk hangers 

ceiling hangers 




reheat box 20 Ibs./s.f. 
concentratecT load 
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H.15.3 


LATERAL LOADS 

The catwalk does not contribute to the lateral force resistance of the structure, but shall 
transmit all lateral forces developed within itself and the lighting-ceiling to the structure. The 
catwalk shall be fitted around and fastened to the structural columns with acceptable 
tolerances, but yet transfer lateral loads to them. 


H.16 


LOADING REQUIREMENTS FOR LIGHTING-CEILING 

Vertical loads shall be transferred to the structure either directly, or indirectly through 
catwalk framing, solely through the suspension wires, located at 2'-6" x 5'-0" centers. 


H.16.1 


The lighting-ceiling shall support a wide range of items, such as partition service consoles, 
HVAC terminals, TV consoles, vertical floor-to-ceiling power and communication consoles. 


H.16.2 


The lighting-ceiling shall provide the necessary stability for interior partitions, whether 
located on or off the planning module, includl..^ the thrust imposed by eccentrically loaded 
partitions. 


H.16.3 


The lighting-ceiling shall transmit all lateral forces developed in the partitions and the ceiling 
itself, to the catwalk framing and/or the structure. 


H.16.4 


The lighting-ceiling shall abut shear walls and columns in such manner as to allow 
construction tolerances while transferring all lateral loads to the structure. 


H.16.5 


Joint at two-hour fire-rated partitions and at exterior walls shall allow for construction 
tolerances, and deflection due to wind loads. 


H.17 


INSTALLATION OF CATWALK 

Within the structural shell, sufficient catwalk panels should be installed early to provide an 
adequate platform for installation of utilities and services. The assembly shall be adjusted to 
form a level plan at a uniform height above floor. On completion and testing of services, 
location of catwalk panels may be adjusted as required for maintenance purposes. 


H.17.1 


Suspension Hangers: 5/8" steel rod, threaded full length to allow periodic adjustment during 
life of the building. Hangers shall be attached to joists by nuts and washers with neoprene 
gaskets to prevent vibration. 

The suspension hangers shall be located at 5' centers ftlong the structural beams by threaded 
inserts in the concrete beams as shown in the drawings below: 
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H.17.2 Joists; No. 10 gauge galvanized hat section cold formed steel, with No. 10 gauge galvanized 
splicing members. 

Drill top at 5'-0" centers for hanger attachment to structure; drill each flange at 30" centers 
for attachment of ceiling suspension wires. 

H.17.3 Catwalk Panels: Approximately 5'-0" x 2'-0" x 1%" steel deck or expanded steel grating 
complying with ASTIVI 283-58T. Framing and grating shall be hot dipped galvanized after 
fabrication. 

Deck shall be attached to joists with self-tapping screws and neoprene gaskets between joists 
and deck. 

Where deck is pierced by pipes, conduit, or ductwork, openings shall be cut neatly and 
accurately to size, and a strap steel collar not less than 1/8" thick shall be welded around the 
opening. 
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H.18 INSTALLATION OF LIGHTING-CEILING 

H.18.1 if a catwalk ceiling is provided, the lighting-ceiling suspension wires attach to the catwalk 
joists in the locations shown in Section H.17 above. If the access ceiling is used, the 
lighting-ceiling suspension wires attach to the structure as shown in Section F.22.5. 

H.18.2 The horizontal support is the ceiling grid. It supports lighting fixtures, ceiling panels and air 
diffuser bars capable of installation on 5'-0" centers in both directions. The ceiling grid shall 
be capable of division by cross-runners, in either direction, on non-modular spacing. 

H. 18.2.1 PRIMARY COMPONENTS 

a. Suspension wires: galvanized, soft annealed, mild steel wire. No. 12 minimum. 

b. Ceiling grid: T, H, or Z in section, galvanized painted steel. No. 25 gauge minimum. 

c. Cross-runners: T, H, C, J or Z in section, galvanized painted steel. No. 25 gauge 
minimum. 

d. Furring (for special conditions): surface mounted, light fixture 1’/^ channels, cold 
rolled steel. No. 16 gauge minimum. 

e. Furring for surface mounted light fixtures, power or communication receptacles: cold 
rolled steel channels. No. 16 gauge minimum, V/ 2 ” and 

f. Lighting fixtures: comply with U. L. "Standards for Safety, Electrical Lighting 
Fixtures," No. 57; prepared to receive flexible metal conduit. 

g. Flexible connections: between lighting elements with grounded receptacles and caps 
suitable for single phase. Each element shall be provided with recessed female receptacle 
and portable cord with male cap. 

h. Coffers: factory precut arid fitted; formed metal or mineral tile, listed with U. L. for a 
one-hour fire-resistive rating. 

i. Acoustic panels: factory precut and fitted; non-combustible cellulose or mineral panels; 
with appropriate acoustic abosrbent material, fire proofing medium and thermal 
insulation between plenum return and occupied space. In fire-rated assemblies the fire 
proofing medium shall form a protector box for lighting fixtures. 

j. Air boots: formed from No. 17 gauge galvanized sheet steel; top side to receive 
attachment of flexible ducts; lower side to slot into air diffuser bar; with approved fire 
and balancing dampers as required. 
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k. Air linear diffusers: formed from No. 17 gauge galvanized painted steel; to receive 
throat of slot on lower side of air boot, and provide support for cross runners, 
acoustical panels and light fixtures. Air slots shall not exceed area limitations per U. L. 
designation for ceiling type. Deflectors shall be adjustable pattern with volume dampers. 

H.18.3 Ceiling Grid must provide a ceiling slot permitting the penetration of vertical service runs. 
Ease in inserting new cross-runners, or removing unneeded ones is important. 




H.18.4 Air Distribution, both supply and return, occurs through ceiling, solely via the grid members 
providing capability of inserting air supply boots or air return openings in both directions, on 
5'-0” centers. Air boots shall attach directly to grid diffuser bars, with flexible duct 
connection to distribution ducts. Air boots shall not increase the overall depth of 9 inches 
for the lighting-ceiling components. 
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H.19 COMPATIBILITY WITH OTHER ABS SUBSYSTEMS 
H.19.1 WITH STRUCTURE AND EXTERIOR WALLS 





Both the catwalk ceiling and the access ceiling shall terminate as shown above. A tolerance 
may be desirable between the ceiling edge and the internal face of the structure or exterior 
wall, to permit a variety of ceiling edge details include blind boxes. The provision of such 
tolerance and its dimensions will be decided by the design professional for a specific building. 

The joint detail shall conform to applicable sound transmission and fire resistance 
requirements, and allow for deflections due to wind, seismic and thermal loads. 
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H. 19.2 WITH STRUCTURAL COLUMNS 




polcn|i«l lighling coHer 
potiliom 



maximum arM wnlhm wtiidh 
lighting may be eiiminaied 




Suuclural columns occur on ceiling grid inter«ctiom. thus laill require visuailv compatible 
trim around them. Columns shall not eliminate lighting fixtures in an area greater than 25 
square feet. 

H.19.3 WITH PARTITIONS 

H. 19.3.1 Compatible deuils are required at all connections between the lighting<e«ling and the 
partitions, whether on or off the ceiling grid module. Secure partition heads to the steel 
ceiling ^id with seif tapping screws M inches on center, except where partitions occur off 
module where attachment shall be 60 inches on center 

H.19.3.2 Lateral loads from partitions (5 Ibs7sq.ft. on the partitions) ant' impact such as door slam 
shock shall be transmitted to the structure vie the ceiling. ¥Vhere seismic conditions prevail, 
the frpm partitions shall be oorwidared cumulative over large areas. Ceiling areas greater 
than 2.500 square feet shall be diagonally braced to the structure. Such bracing must not 
interfere with servioas distiibution runs. 
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H. 10.4 WITH SERVICES MSTRIBUTION 

The service space requirement is determined by the density of services to be housed, and is 
expressed in the height of that Rsace. Services distribution in that space must not be impaired 
by diagonal bracing for the ceiling. The placement of such bracing must be coordinated with 
the services layouts. 

Access to the service space through the ceiling is mandatory only in the access ceiling type. 
Herein, it should be possible to move any panel or lighting fixture in order to gain access to 
services above. 
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The lighting-ceiling, whether catwalk or access type, shall permit penetrations for vertical 
services. A slot wide enough to accommodate such services shall be formed by the insertion 
of cross-runners in the ceiling grid, and be compatible with any method of encasing the 
services in a console. The space around the services in the slot must be sealed and insulated to 
maintain the acc>rstic and fire resistance rating required. 
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PARTITIONS 



The ABS partitions play an extremely important role, in conjunction with the structure, in 
obtaining a significantly higher degree of adaptability than is available in conventional 
academic buildings. The partitions permit the initial plan configuration to be revised and 
changed as necessary, with minimum disruption to occupants and with little effort, in that 
the partitions are demountable and virtually free of services. As required, the partitions will 
provide visual separation, acoustical barrier, security, support of furniture and casework, and 
substantially contribute to the visual environment. All partitions within the space module, 
including door frames, will be installed after the ceiling grid is complete. No framing 
members of these partitions will penetrate the ceiling. 

It is intended that the following materials provide guidance only, establishing basic criteria 
and parameters for the ABS partition subsystem. The architect is expected to use this 
information in developing details and specifications compatible with his usual format and 
consistent with the best practice. ’ 

This subsystem includes all elements needed to define the visual and acoustical separation of 
rooms, from floor to ceiling. These are: 

a. Panels with optional finishes. 

b. Door frames and doors, hinges, sealing devices, 

c. Glass and glazing; both partial and full height panes. 

d. Baseboard and trim. 

e. Support for wall hung casework, utilities, and equipment such as fire extinguishers, hose 
reel cabinets, drinking fountains. 
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Excluded from the ABS partition subsystem are: 



a. All exterior walls. 

b. All structural load-bearing walls. 

c. Walls between the space module and the service tower. 

d. Any wall with special performance requirements precluding the use of ABS partitions, 

e.g., walls surrounding cold rooms, or 2-hour fire-rated. 

e. Any special insulation or shielding that can be appl'^d to ABS partitions to achieve a 
higher performance, e.g., radio active shielding. 

f. Chalkboards and tackboards and similar architectural specialties. 

g. Door locking and closing hardware, and door louvers and fire dampers. 

h. Communication, electrical, plumbing or other service distribution lines and terminals 
housed within or mounted on the partitions. 

i. Wall-hung casework, shelving and equipment. 

j. HVAC terminals, registers and grilles. 




EXCLUDED; 

1. All two-hour partitions 

A. between space modules 
B shaft enclosures within 
service tower 
C. stair enclosures 

2. Exterior wall 

3. A.ny walls with special performance 
requirements 

4. Any special surfaces 

5. Chalkboard and tackboards 
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1.4 



PANEL HEIGHTS 



1.4.1 Height of all ABS partitions is nine feet throughout, terminating at the ceiling. Standard 
7'-0" doors are installed in nine feet high frames, with a fixed transom panel above door. 
Glass panels in the partition should be 2'-0”, 6'-0", and 9'-0" high. Portions of solid panels to 
be used below glass shall be 7'-0" and 3'-0” high. 

^ 






ABS Partition 




ABS partitions stop at the ceiling, instead of penetrating the ceiling. 

1.4.2 A partition height of 11'-3" is possible where the 16'-10" floor-to-floor height is used with 
the shallow service space instead of the deep service space, as described in Section B.10. 
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ABS partitions permit free passage Conventional partitions interfere with 

of services in service space above the passage of services above the ceiling, 

ceiling. 



1.5 MODULE 

1.5.1 Planning dimension is 5'-0” each way, or multiples thereof, coordinated with ceiling grid 
bars. However, if required and at extra cost, partitions may be located off the grid. 

1.5.2 The design professional should provide for: maintaining modular control at all types of 
intersections; extensive use of a single basic panel size compatible with the 5’-0” planning 
dimension; and smaller standard panels to provide adaptability at intersections, ends and 
corners. 

1.5.3 Standard panel size should provide for use of a standard door (36" wide or wider) as well as 
other required sizes, all related to the planning dimension, and a double door panel 5'-0" 
wide. 

1.5.4 Partition thickness may vary as required by the performance requirements. 
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The A8S partitions should permit; 



a Any panel type to receive artother panel at any intersection and between intersections, 
excepting those at mid panel of door or glass. 

b A single coherent detail for all joint conditions. The visual importance of the joint shall 
be deemphasized; no protruding battens are acceptable. 



PANEL TYPES 

Three basic design alterrvitives are available for ABS partition: 
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1.7.2 


The finish shall cover the entire panel face except as noted. Different panel finish surfaces 
shall be available for opposite sides of a partition. Opposite panels shall be independently 
removable. Surface finishes in three types of performance shall be available; 




Type 1 : 


Smooth or textured finish; painted or factory-applied vinyl fabric; conventional 
level of surface durability for use in classroom and offices. 




Type II : 


Smooth finish; epoxy paint or medium density vinyl; high resistance to stains 
and corrosion for use in general science laboratories and their service spaces, and 
animal rooms. 




Type III; 


Smooth or textured finish; epoxy paint or heavy duty vinyl; high resistance to 
abrasion for use in corridors, lobbies and circulation spaces. 



A particular space use may require higher special performance demands. 

1.7.3 Backup panel shall be available to receive non-system veneers and special surfaces; for 
example, electrostatic shielding, adhesive mounted semi-rigid veneers, chalkboard and 
tackboard. The backup panel shall be exempt from all surface durability requirements. 

1.7.4 Glass panels 2'-0", 6'-0", and 9'-0" high and 2'-6” wide shall be available with heads always 
at the ceiling. Glazing details shall accommodate the minimum glass thickness required by 
applicable codes. 

1.8 DOORS 

1.8.1 Door width will be 36 inches generally. Other narrower widths may have to be 
accommodated. A wide double door opening requirement may be satisfied within the 60 
planrung dimension when made up of a 36-inch leaf plus a 24 inch leaf. The 24 leaf may be 
a minimum activity, bolted installation. 

1.8.2 All door frames will be full height of partition, so detailed cs to receive special doors of same 
dimensions and thicknesses as the ABS partition bsystem doors. Door frames shall be 
capable of receiving door closers, silencing strip:, and acoustical gasketing. 

1.8.3 Four types of doors are required for both non rated and fire-rated partitions: 

a. Solid core door. 

b. Viewing partel door (J fOVo glass). 

c. Glass partel door (± 50% glass). 

d. Louver door. Louvers and fire dampers are not part of this subsystem. 

Doors may be either 7' 0" or 9'-0" high. Transom panels shall be available with either glass or 
door panel infill over 7'-0" doors 
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1.9 



FIRE RESISTANCE 



All ABS partitions shall be non-combustible. 

1.9.1 Each panel type shall provide for: 

Nonfire-rated demountable partition 
One-hour fire-rated demountable partition 

1.9.2 All panels and doors shall have a maximum flame spread of 75 or less, and a smoke 
developing rate of 50. (ASTM E84-68 Tunnel Test shall be used for flame spread 
determinations. The ASTM El 19-69 test procedure shall be used for determining all fire 
resistive construction standards.) 

1.9.3 Glass panels shall be limited to 1,200 square inches in the one-hour fire-rated partitions. 

1.9.4 Doors in one-hour fire-rated partitions shall meet the applicable code requirements. 



1.10 ACOUSTIC PERFORMANCE 

The interface conditions with the other subsystems should be carefully coordinated and 
detailed. 

1. 10.1 All solid panels shall provide an STC rating of 40 minimum. Panels containing glass shall 
provide an STC rating of 20 minimum. 

1.10.2 Doors shall be available both non sound rated, and with STC 24 minimum. Glass panel doors 
shall provide STC 20 minimum. Gasketed doors are recommended to provide acoustical 
continuity with STC 40 wall panels. Door latching hardware with precision construction 
should be selected to maintain acoustical seal of gasket. All ordinary use doors should have 
full length silencer strips. (STC ratings shall be determined by laboratory test ASTM 
E90-66T.) 

1.11 LOADING AND IMPACT 

1.11.1 Lateral load to be resisted by all panel types, doors, and connections is five pounds per 
square foot. 
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1.1 1.2 



Vertical loadings to be resisted by all panel types and connections are: 



1.11.3 
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a. One load of 1 10 pound*:, minimum, per linear foot applied 12 inches out from the face 
of pj. utions. 

b. Eight loads of 40 piounds, minimum, per linear foot on shelving 12” apart vertically. 
Assume loading is applied 6 inches out from the face of partition. 

c. Both the above types of loadings should be applicable on either or both sides of a 
partition. (The partition subsystem should sustain test loadirtgs of the above with a 
safety factor of three.) 

Impact loads to be resisted by all panel types and doors, except glass, are: 

a. Conduct test per ASTM E72 68, Section 12 or 13, to be on doors and panels nine feet 
high, using the widest stud spacing availabir. Impact shall be over the studs, and 
between studs. In five drops of two feet eacf , the panel shall not fracture; temporary 
deflection shall not exceed one inch; arnl permartent set shall not exceed 1/16 inch. 

b. No cracking or chipping shall occur from impact of an 8-ounce, 1% inch diameter steel 
ball dropped 18 irtches. 



SURFACE DURABILITY 

Panel Surface Types I, II, and III (described in section 1.7) shall provide different 
performance characteristics, as tabulated hereafter . 

Door surfaces should meet the test requirements of the appropriate panel surface type. 
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TtST DESCRIPTION 



Abrasion 

Resistance 



Humidity 

Resistance 



Washabihty 



Repair of 
Surface 



Ultraviolet 

Resistance 



Resistance 
to Stains 



ResistarKe 
to Solvents 



Resistance 
to Chemicjl 
Reagents 



For paint 

Gardner Model 105 Washabiiny and Abrasion machine Change m gloss not 
greater than 5% on a Gardrser 60^ gloss meter. 

For vinyl; 

Wyzenbach method. CCC T 191B. Method 5304. No exposure of backing 
or base. 

Exposure to atmosphere wnth 100% humidity of 70® 75®. No appreciable 
deterioration. 

Brush ¥«etted by a 5% su‘utk>n of trisodium phosphate in a Gardner 105 
Straight Line Washability machii e. No softening, color change or more 
than slight surface abrasion. Te^.; anormed over joints of lamirrated 
surface materialv 



Marks due to cutting or scratching of the surface shall be easily repairable 
m the field by the university custodial staff. 

No apprecuble color change after 150 hours at approximately 150® m the 
Atlas Fadeometer. 

Surfaces shell not be permartently discolored or damaged by i.e 
application and removal 24 hours later, of r»ot more than one third of the 
materials listed hereinafter. 

At least two-thirds of the listed solvents must be usable on panel surfaces 
without permanently discoloring or damaging the surface if used according 
to manufacturers' instructiora. 

When exposed to splash, spillage or fumes from the listed chemical reagents 
left on for 24 hours and removed according to manufacturers' instructions, 
there must be no noticeable effect in 80% of the cases, and may be only a 
trace of a stain in the other 20%. 
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112 2 PERFORMANCE REQUIREMENTS 



type I - TYPE III _ 

100 cycles 100 cycles 150 cycles 



200 double rubs 200 double rubs 300 double rubs 



100 hrs. 



100 hrs. 



100 hrs. 



15,000 blush strokes 50,000 brush strokes 100,000 brush strokes 



Yes 




Yes 


Yes 


Yes 




Yes 


Yes 


Group 1 




Group 1 


Group 1 


Group 2 






Group 3 
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1.12.3 List OF STAINS, SOLVENTS AND REAGENTS 



Group 1 : Stains 

Ballpoint ink 
Carbon tetrachloride 
Cellulose tapie 
Cof^f« 

Household bleach 



Group 2: Solvents 
Ethanol 

Hydrogen peroxide 
Methanol 



Group 3: 

Acids 

Acetic acid 2% and 1 0% 
Hydrochloric acid 2% and 10% 
Lactic acid 85% 

Nitric acid 2% and 10% 

Alkalies 

Ammonium hydroxide 2% and 10% 
Potassium hydroxide 2% and 10% 
Sodium hydroxide 2% and 10% 

Miscellaneou 

Bromine water 
Chlorine water 
Glycerine 
Latex 

Motor oil — low 
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Lipstick 

Permanent fountain pen ink 
Tea 

Wet detergent 



Mineral spirits 
Petroleum ether 
V.M. and P. naptha 



Phosphoric acid 2% and 10% 
Sulphuric acid 2% and 10% 
Tannic acid 50% 



Phenol 10% 

Sodium chloride 25% 
Sodium hypochlorite Cl. 6% 
and Cl. 10% 
Water-deionized 
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1.13 DEMOUNT ABILITY 

ABS partitions shall be so designed that campus maintenance personnel can demount, move 
and re-erect them. The demountability method shall not be obvious; fasteners shall be 
concealed. Progressive solutions shall provide a key panel at each door and intersection. 

1.13.1 The partitions v»/ill be made, generally, of several parts (panels, head and base channels) 
assembled at the job site. Com nercially available components permit partitions to betaken 
down, moved end re-erected wi;h more than 90% salvageability of components. Obviously, 
the higher the salvageability, the more successful in tjrms of cost of adaptability; the easier 
to move, the more successful in terms of adaptability. 

1.13.2 The weight of any element shall not exceed 200 pounds. 

1.13.3 The minimum standard of demountability, for both fire-rated and non-fire-rated partitions, 
should be as follows: 

a. A single panel in the center of a 12-foot run is to be demounted, moved and reinstalled 
in one hour by two men. 

b. 100 linear feet of partition is to be demounted, moved and reinstalled in 80 man hours. 

c. Minimum refurbishing of adjacent surfaces should be required as a result of the 
demounting and reinstalling. 

1.13.4 The actual cost of moving a partition can be obtained in the bidding process, by requiring a 
bid for moving 5% of the partitions after initial installation. 



1.14 COLOR 

1.14.1 Partition colors are to be designated by the architect for the specific project. Colors in 
academic spaces should not be drab or dull nor lacking the variety responsive to occupancy. 

1.14.2 Surfaces in laboratories and classrooms should have a light reflectance of 40-60%; and have a 
maximum gloss rating of 20 as measured by a 60-degree Gardner Gloss Meter. 
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INSTALLATION 



All attachments shall be concealed. 

Partition head attachment to ceiling shall be to support points located as required for lateral 
stability and sound attenuation. The supports are included in the lighting-ceiling subsystem. 
Partitions located other than on the 5'-0" planning grid shall have head attached to ceiling 
grid bars on 5'-0" centers, at grid intersection with partition. In this case, head also may be 
fastened to ceiling panels for hold-down but not for support or stability. 

Head details shall provide for passage of electrical conduit and HVAC control conductor, and 
a continuous light nd sound seal; trim shall include method for receiving picture hooks. The 
head channel should be in 10-foot lengths, minimum, so that each channel section can be 
attached to ceiling grid bar in at least two locations. 

Partition base shall be designed for installation over finish flooring, including carpet. 
Attachment methods that avoid damaging the floor are desirable and should be used if 
structural, fire safety and deflection tolerance requirements are satisfied. 

Base details should accommodate differences in flooring thickness occurring at boundaries 
betwt two different materials. 

A resilient base should be reusable when partitions are moved or services installed. Base 
details shall accept resilient cove or carpet bases projecting a maximum of 3/8” from panel 
surface and a minimum of IV 2 " to a maximum of 4" in height. 

Base shall adjust to floor variations, and provide a continuous light and sound seal at floor 
contact. A recessed base is acceptable. 

Partition corner details shall provide required strength, whether located on planning grid or 
elsewhere. A channel or cover strip, not exceeding 2 inches face width and 1/8" thick, is 
acceptable if details are consistent with other subsystem details, and visually acceptable. 



TOLERANCES 

Excluding finished surface textures, surface irregularities such as warp, camber, and oil 
canning shall be dL 1/16-inch with a slope less than 1 in 10. Slope of all joints and exposed 
edges shall be less than 1/8-inch in 10 feet. 

Head and base members shall be adjustable to accommodate the ± 1/4-inch construction 
tolerance from floor-to-ceiling, the maximum slope in floors of 1/4-inch in 10 feet, and the 
maximum slope in ceilings of 1/8-inch in 10 feet. 
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1.16.3 The maximum theoretical structural vertical live load deflection for floor-to-ceiling distance 
is +0, -1 inch, or L/360. The partitions shall have a minimum live load deflection Lolerance of 
3/4". 

1.16.4 Intersection of an ABS partition with a non-ABS surface may have a ± 3/8-inch variation, 
and a maximum slope of less than 1/4-inch in 10 feet. 



max. 1" off datum at any floor 



max. floor-to-floor ± 1/4" 



max. floor-to-ceiling ± 1/4" 
max. ceiling slope 1/8" in 10' 

max. floor slope 1/4" in 10' 



Hartitions: minimum live load deflection tolerance 3/4" 



1.17 SUPPORT 

1.17.1 It shall be possible to attach casework, furniture and utilities to the partitions. Both flush 
mounted and surface mounted hangers are required. Loading requirements are stated in 
Section 1.1 1.2. 

1.17.2 CASEWORK AND FURNITURb 

Objects to be supported on the partitions may not fit the planning or panel dimensions. They 
will consist of such varied items as: book shelves, wall hung cabinets, storage units, map rails, 
screens, special lighting, miscellaneous laboratory equipment, chalkboard and tackboard. The 
attachment devices must accommodate all these, anti shall be designed so that when 
removed, no visible mark shall be left on the partition panels. Supporting channels or rails are 
permitted as part of the attachment devices. Special care shall be taken in selection of 
finishes so as to be compatible with the partition trim, including surface diif’ ibility 
characteristics required in laboratory conditions. 



1.16.5 TOLERANCES 
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ceiling 





cabinet shelves 



flush, built-in hangers 




30” or 60" 



surface-mounted, strut-type hangers 

















varies 


Vaiicd 





a. The width of the joint detail shall be minimized. Where the hanger is integrated with the 
partition, it shall not protrude beyond the panel face. Hangers shall permit maintaining 
the 5'-0” partition planning dimension. This may imply cutting the surface panels, as 
shown below, and so requires a visually and functionally acceptable detail of the 
interface between hanger and cut panel. 

b. Where flush, built-in hangers are used, the required fire and acoustic provisions shall not 
be degraded. With gypsum board on steel studs, this may imply additional layers of 
fire-resistant material to back up the metal hanger strip, separating it from the steel 
stud. Alternative solutions are shown on the following page. 
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Deldils: Furniture Attachment 



steel stud 




STC 40 

one hour and non-rated 



yypsum stud 




STC 40 

one hour and non-rated 




STC 40 
non-rated 




STC 40 

one hour and ncn rated 



E_I 




STC 40 
one hour 




» 
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1.17.3 



UTILITIES 



Utility services penetrate the ceiling to serve spaces below. Generally, they do not run within 
the partition but are surface-mounted on it. Casework hangers noted in 1.17.2 should be 
utilized to support this distribution. The exceptions can be: convenience outlets, switches, 
and HVAC controls requiring simple connections to the ceiling and not affecting the 
partitions demountability. 




a. Convenience outlets and switches are not loart of the partitions subsystem. Space for 
them shall be provided within the partition to permit vertical and horizontal passage of 
3/4 inch electrical metallic tubing and its conventional change of direction bend, and 
the termination or junction with conventional outlet and switch boxes. Provide for at 
least one conduit in each panel or panel joint. As horizontal passage should be available 
in head and base, horizontal runs within the partitions may be minimized. 

b. Each pwnel or panel joint should provide approximately one square inch vertically for 
low voltage communications cable and HVAC control conductor, in addition to the 
space provided for conduit. HVAC thermostats may be either surface mounted or 
contained within the partition. 
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c. Space for two grounded 125V-20A convenience outlets should be provided in each 
panel width, at the partition base. 

d. Panels adjacent to doors should accommodate a duplex low voltage switch and box. 

e. Partition should be able to receive electrical boxes 2-1/8 inches deep; and with furring, 
items such as electrical panel boards and fire extinguishers. 



1.18 COMPATIBILITY WITH OTHER SUBSYSTEMS 

1.18.1 WITH STRUCTURE 

Partitions are non-load bearing, referring to support of floor loads from above. Partitions 
must transmit both lateral and vertical forces to the structure from doors, wall-hung items, 
and impact. Since few partitions, except those with c two-hour fire-rating, will be fastened to 
the structure, lateral forces must be transmitted to t-e structure via the ceiling grid bars. 

1.18.2 WITH HV AC 

No mechanical components should be mounted on or contained within the partition, except 
HVAC room thermostats. If contained, the HVAC control conductor should pass within the 
partition to the service space above. The partition should provide for space, attachment and 
all other requirements so that the services penetrating through the partition can meet all 
applicable electrical, HVAC, and other codes. 
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1.18.3 WITH LIGHTING-CEILING 

Compatible details are required at all connections between the partition and the 
lighting-ceiling. 

Partitions stop at and transmit lateral loads to the ceiling. Head details must accommodate 
ceiling deflection, construction tolerances, door slam shock, and must not degrade the sound 
attenuation of the partition or ceiling. 




1.18.4 COMPATIBILITY WITH UTILITIES 

To facilitate door relocation, other partition alterations, and alteration to services, all service 
distribution lines should be kept out of the partition cavity excepting switches and 
convenience outlets. When these are contained, they should run upward as directly as 
possible to the service space above, rather than horizontally. No services will run down into 
the floor, except plumbing drain lines. Rigid horizontal distribution should occur in the 
service space above the ceiling. 



Most utilities within a room should be surface mounted. Covers concealing the services 
(forming a service console) are optional. 
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switch leg 



1.18.5 
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WITH EXTERIOR WALL 

The joint detail between a partition and exterior wall shall conform to applicable sound 
transmission and fire -resistance requirements; accommodate construction tolerances of both 
partition and exterior wall subsystems, and allow for deflections and vibrations in the 
exterior wall due to wind loads without loss of other required characteristics. 

The exterior wall shall provide for partition attachment no greater than on 60" centers 
corresponding to the lighting-ceiling grid. 

There are several alternative ways the partition may meet the exterior wall; all are 
determined by the lighting-ceiling subsystem. The inner face of the structure may or may not 
coincide with a module line. The partition may include a closure detail to accommodate this 
discrepancy. 
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Structure on Lighting-Ceiling Module Structure off Lighting-Ceiling Module 



1.13.6 WITH CASEWORK 

Some casework units are required to be wall-hung. The partition shall provide attachment 
hardware for wall-mounted casework, and a means of fixing laboratory experiment frames 
over large areas from floor to ceiling. Laboratory casework shall be mounted so as to permit 
utilities to run vertically between the partition and the back of the casework. 
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hanger strips at 30" 
spacing for support- 
ing casework and 
utilities. 
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UTILITIES DISTRIBUT50N 



GENERAL 

The information in this section is provided as a guide to the design professional, whose 
responsibility must include *ts interpretation and application. Local condition, preferences 
and less stringent code requirements for a specific project may suggest to him economies and 
variations which he is encouraged to investigate. When the design professional s requirements 
differ from the defined relationships, careful appraisal of the interface with the other 
subsystems will be required. 

This ABS subsystem provides criteria for the distribution of plumbing, communication and 
electrical services in the service space above the ceiling of the space module. The organization 
of the service space establishes the locations of all horizontal mains and all lateral branches, 
coordinating these with locations of HVAC services. All utilities should be installed within 
their designated zones to avoid interference with each other and with other subsystems, thus 
maintaining the optimum relationships among L /m. 

Special emphasis has been place; on laboratory facilities and those utilities most often 
required for a science laboratory buildini> Some utilities will not be required in every 
building; some additional services occasionally may be required. From study of existing 
laboratories, the maximum probable spatial demands and a pattern of utilities usage has been 
established. It is unlikely that more than the total number and volume of utilities shown 
herein will be required in any single building. 

This subsystem provides for the distribution of utilities from the service tower into and 
within the service space above the ceiling of the space module, as follows: 

a. Liquid and gas supply piping 

b. Sanitary and laboratory waste and vents 

c. Roof drainage 

d. General power 

e. Laboratory power 

f. Lighting power 

g. Emergency power 

h. Communications 

i. Controls and signals 
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J.3 


This ABS subsystem does not include the following: 

a. The dry standpipe for the building. 

b. Steam supply and condensate return lines. 

c. The vertical sanitary plumbing mains outside of the space module. 

d. All utilities in the occupied space below the ceiling of the space module. 


J.4 


DESIGN CRITERI A 


J.4.1 


The demand for each of the several utilities, and the pattern of points of usage, cannot be 
predicted with certainty. Moreover, engineering and code requirements allow less freedom of 
choice in the methods of installation of utility piping and electrical service. 


J.4.2 


An acceptable level of performance has been based upon the usage observed in existing 
buildings. The intensity of utility services was recorded for each of the six science and 
engineering buildings studied in the ABS research effort. The data was tabulated in terms of 
square feet of floor area per utility flow rate or load factor. From this, the probable flow rate 
or load factor was determined for a building consisting of ten 12,000 square foot space 
modules, each containing a laboratory assigned space of 5,400 square feet. The probable flow 
rate and load factor requirements derived are summarized herein. 


J.5 


PLUMBING SERVICE 


J.5.1 


Piping of one size larger than that determined from the calculated flow rates noted in 
Sections J.5.6 and J.5.7 was used to develop the clusters shown in Section J.7. The pipe 
spacing is based on the actual pipe size plus the minimum separation to permit insulation 
where required, and installation. 


J.5.1.1 


One elevation is established for all horizontal utility mains and a different one for all laterals. 
Elevations and zones must be respected to minimize interference. 


J.5.1. 2 


Spacing criteria and code dictated slopes must be maintained for waste, vent and rainwater 
drain lines. Therefore the horizontal mains have thoroughfares occupying the full depth of 
the available service space. Lateral drain branches run above the mains within the space 
between the structural beams. 
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SUPPLIES 



Vertical main risers in the service tower have shaft spaces as shown in Section G. These 
permit risers of sufficient size to serve ten stories of the assumed typical, large space 
modules. Space is available to permit required piping anchors, guides and expansion loops, 
and access clearance in front of electrical equipment. Utility services include; domestic 
sanitary and laboratory water, hot and cold; hot water return; natural gas; compressed air at 
80 psig; vacuum at 15 inches hg; distilled water; sea water or other ""special" liquids; and wet 
standpipe. 

.3 WASTES AND VENTS 

1.3.1 Sanitary wastes and vents for toilet rooms are located outside of the space module and 
within the service tower. They are kept separate from the acid-resistant waste and vents until 
outside the building. 

►.3.2 Wastes and vents for the space module are entirely acid-resistant, to accommodate laboratory 
sinks, floor drains and the like. Random fixtures in the space module area, such as drinking 
fountains and eye-wash fountains, are connected to the acid-resistant lines. Space 
requirements are based upon piping sizes shown, with a minimum slope of 1/8-inch per foot. 
Each row of structural bays is served by one waste main. The architectural design must 
provide space by a column or wall for a vent to roof at the end of each run and at 100-foot 
centers, maximum, along the length of each drain main. A vent riser adjoins the waste riser in 
the service tower. All waste lines and traps shall be two sizes larger than code minimum for 
an individually vented design. Each vent shall have a cross-sectional area one-half the area of 
the waste line it serves. 

5.3.3 Individual floor drains and sinks on lateral branches longer than fifteen feet shall have 
separately vented traps. These vents will be run up through the ceiling, then sleeping 
horizontally in the service space to connect to one of the vent stacks. Horizontal vent mains 
should not be required. 

5.3.4 The acid-resistant waste main is to join the sanitary main outside the building. Special 
treatment of the acid waste, such as a dilution tank, is to be provided as required. The design 
professional should review local codes and costs, as well as acid concentration and volume, to 
determine cost benefits of acid waste dilution and neutralization at the source and then 
feeding into building sanitary waste. 

5.4 RAINWATER DRAINAGE 

Roof water is handled by two horizontal mains in the service space just below the roof. The 
mains connect to roof drains spaced as required by the roof area and design. 
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J.5.5 



GAS SUPPLY 



J.5.5. 1 Location of a gas supply line in the service space above the ceiling may be at variance with 
local requirements. The suggestion is made that this is possibly a more desirable, and safer, 
installation than would be the case in a closed shaft or furred enclosure. In a tightly closed 
space, leaking gas could accumulate undetected until an explosive mixture was reached. 
However, using the return plenum above the ceiling in a recirculating cycle, strongly suggests 
the gas odor would soon be detected by occupants, prompting remedial action. 

J.5.5. 2 If special piping installation methods are required, the use of all welded joints, wing-cap 

packed stem valves, or gas piping installed in a vented sheet metal conduit with sealed joints 
are design possibilities. 

J.5.5.3 Some locations may require that the gas main entering the building have an earthquake 
safety shut-off valve. 
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J.5.6.2 
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PUimhing c »t ir-i foe a 17.000 foot ucmIuIc b.400 vquiifr 

l«i l^lxitalorifn .^rr 



SUPPtiCS 



Pipe Sizes 



Service 


Flow R»^!c 


Calculated 


Layoot 


Docnrjlic CW Semiarv 


39 F u - ’ft GPM 


2” 


e 


L;ib 


34 F U ' 24 GPM 


2" 


2v/‘ 


Dorrintic HW S^nilery 


7 F .U. - 5 GPM 


1” 


e 


Lab 


27 F .U. ' 18 GPM 


1% " 


2” 


OHWC 






V 




102 CFH 


1%” 


2" 


Cofnpf«a«d air (80 PSD 


1000 CFM 
free air 


2" 


2V," 


Vacuum (15” HG) 


32 CFM 


1%” 


2%" 


Oisiillad water (gravity) 


10 F.U. - 7 GPM 


114” 


1%” 


Sm water (S & R) 


4 F.U. 4 GPM 


%'• 


1” 


HVAC rehemt water 


18 GPM 


I’A” 


2” 


supply and return 








DRAINAGE 








Sanitary 


4 WC. 4 Lav. 3 Ur. 

1 SS. 1 OF. 30 F.U. 


4” W. 4” V 


« 


Ac k 1 resistant 


■/2 F.U. total; two 
horizontal maim, 
each 36 F.U. 






Each mam vented systitm 




4” W, 3” V 




Each maincombirsation 




6” W 




W& V 




5" V (2 or 3) 




Rairrwater 


12.000 sq.h.. 
3” rainfall. 

2 maim, each 


6" 




F.U. " Fixt'ire Units 


* » Not included in space module layout. 
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PLUMBING CAPACITies UTILITY RISERS FOR TEN SPACE MODULES 



Jb / 1 SUPPLIES 



Set Vice 


Flow Rate 


Pipe Size 


Oorntrsfic CW Sdniijrv 


390 F.U. 




Lab 


340 F .U 






730 F U. ‘ 200 GPW 


4‘* 


Domestic HW Sanitary 


70 F U 




Lab 


270 F .U. 






340 F .U. - 100 GPM 


3" 


OHWC 




1’A” 


Gas 


1020 CFH 


3" 


Compressed air (80 PSD 


10.000 CFM free air 


5” 


Vacuum (15” HG) 


320 CFM 


4" 


Distilled water (Qravity) 


100 F.U. - 45 GPM 


3" 


Sea water (S & R) 


40 F.U. “ 26 GPM 


2" 


HVAC reheat water supply 


180 GPM 


4” 


and return 






DRAINAGE 


Sanitary 


390 F.U. total 


6" W. 5' 


Ac id resistant 


720 F.U. total, 2 runs 




Each waste drop 


each 360 F.U. 


6" 


Each vent riser 




5*' (2 or 


Rainwater 


12.000 sq.ft.. 




Each riser 


3" rainfall 


6” 


Combined 




6" 



F.U. = Fixture Units 
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SPECIAL plumbing CONSiDEr.ATlONS 


J 5 8 1 


The provision describefl in ihis subsystem generally meet the requirements of the National 
Plumbing Code ar>d tfw* Uniform Plumbing Code. However, the design professional is 
expected to comply with ttia local requirements governing a specific project. 


J5.8.2 


Pipe suppon trapezes are to be installed at uniform levels in each direction. Trapezes shall 
attach to hangers located as described in Sec.ion i\. Install circulating services to permit air 
to vent out in direction of flow. Use eccentric reducers to keep the tops of these pipes level; 
shim pifje supports as required. 


J.5.8.3 


Provide pipe stubs every twenty foot pipe length in each service, to permit adding branches 
for future needs with minimum disruption to service. 


J.5.8.4 


Install pipes with adequate loops, anchors and guides to accommodate expansion. Install hot 
piping on rollers. 


J.6 


ELECTRICAL UTILITIES 


J.6.1 


Provision for the distribution of the following electrical sercices is made in the service space 
above the ceiling of the space module. The space requirements for conduits, bus ducts and 
cable trays allow for spacing and access considetration as indicated in Section J.7. Optimum 
size of conduits, bus ducts, and cable trays have been determined from capacities noted in 
J.6.5. 


J.6. 1.1 


Power and Lighting: 

a. 277 volt fKJwer for lighting 

b. 208/ 120-volt power for laboratory 

c. General use outlets 

d Equipment for fan room motors 

e. 208/120-volt power for emergency lighting and laboratory outlets 

f. 24-volt wiring for remote switching of lighting 


J.6. 1.2 


Communications and Signal: 

a. HVAC control 

b. Public telephone 

c. Master antenna and/or closed circuit television 

d. Program clock 

e. Intercom and public address 

f. Fire alarm 

g. Computer systems 
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J.6.2 


DISTRIBUIION 


J.6.2.1 


Lighting, one centrally located panel board fed from a vertical bus riser is provided in each 
space module. 


J.6.2.2 


208/120 volt power; from six to eight branch circuit panel boards are in each space module, 
supplied from one distribution panel board in each mechanical room as shown in Section G. 
This distribution panel board also supplies power to fan motors in the mechanical room and 
to a F>anel board within the space module for computer equipment power. The distribution 
panel board is fed from a vertical bus riser through transformers located on alternate floors. 


J.6.2 3 


Emergency power: one centrally located panel board in each space module fed frcm a 
conduit riser 


J.6.2.4 


Public telephone, master antenna and/or closed circuit television, program clock, intercom 
and public address, and fire alarm systems; terminals for each are located on each floor, fed 
from conduit risers. 


J.6.3 


ELECTRICAL ROUTING 


J. 6.3.1 


Conduit and cable tray main runs in the service space are run at a fixed elevation and 
supported by channels spaced at ten-feet intervals. 


J.6.3.2 


Lateral branches from the mains are made at an elevation below the main, as shown in 
Section J.7. 


J.6.3.3 


Lateral runs for all signal system conduits emanate through condulets and te.'minal type 
junction boxes, at fixed elevations. 


J.6.3.4 


Lateral runs from cable trays are made by conduits terminating in the cable tray. 


J.6.3.5 


Lateral runs for 24-volt switching are made through junction boxes located at a fixed 
elevation. 

All lateral conduit runs are to be supported at intervals meeting code requiremertts. Choose 
conduit sizes that do not require support spacing violating the system disciplines. 


J.6.4 


SPECIAL CONSIDERATIONS 


J.6.4.1 


Requirements for regulated AC voltage and in some laboratories, DC voltage, should be met 
by portable equipment in the laboratory. 


J.6.4.2 


Building power has been allocated for one computer installation per building. 
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J.6.4.3 Plan the location of the branch panel circuit boards to produce the minimum interference 
with future adaptability. The boards are to be '•acated; 

a. In the deep service space if this option is used. Ascertain that local codes recognize the 
adequacy of the acces.'-, provided from the service tower. 

b. In the occupied space if the shallow service space is used. 



J.6.5 


ELECTRICAL CAPACITIES 








J.6.5.1 


Module Power 


Estimated 
Load (max.) 


Design 

Factor 


Desiqn Load 


Lighting 


5.0 watts/sq.ft. 


1.25 


6.3 watts/sq.ft. 




208/120-volt power 


10.5 watts/sq.ft. 


1.25 


13.1 watts/sq.ft. 




Emergency power 


0.75 watts/sq.ft. 


1.25 


0.9 watts/sq.ft. 



J.6.5 2 Additional Power Loads 

a. Fan load on each floor; 36 HP x 1.25 = 45 HP 

b. Computer power load - one per building: 84.0 KW 

J.6.5.3 Low Voltage Switching 

Thirty (30) rooms per space module with relays centrally located in module at lighting panel; 
2" conduit per space module. 

J.6.5.4 Public Telephone 

Two (2) terminals per space module with cable tray interconnection. 

J.6.5.5 Master Antenna and/or Close Circuit Television 

Service to selected rooms with 1%" conduit per space module and 2!4" conduit for building 
riser. 

J.6.5.6 Program Clock 

Thirty (30) rooms per module, IV." conduit per space module and from one to three 3” 
conduits for building riser. 
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J.6.5.7 Intercom and Public Address 



Thirty (30) rooms per module, IV 2 " conduit per space module and from one to three 3” 
conduits for building riser, 

J.6.5.8 Fire Alarm 



Manual stations and signals in each space module, with each space module in separate 
annuciator zone. One-inch conduit per space module and IV 2 " conduit for building riser. 

J.6.5.9 Computer Control Cable 

Cable tray interconnection between locations within space module. Computer component 
Interconnection requiring laid-in installation may be accomplished with raised computer 
floor and special short partitions or planned structural floor penetrations and cable trays in 
service space below. 



J.7 ELEVATIONS: MECHANICAL ROOM WALL FROM SERVICE SPACE 
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VERTICAL SECTIONS: SERVICE SPACE ZONING 
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RELATED NON-ABS SUBSYSTEMS 



The choice of the ABS subsystems was limited to those improving the quality and/or 
reducing the costs of construction and alterations. Because of their relationships to the ABS 
subsystems, two related non-ABS subsystems were analyzed. The intent is for the building as 
a whole to remain effective during its total life-time, able to undergo periodic renewal of its 
adaptable components. 



EXTERIOR WALLS 

An exterior wall has two distinctly different functions: its performance and its visual 
appearance. The performance aspect is composed of those items required to ensure proper 
interface with, and functioning of, the several ABS subsystems, and those items determined 
by local corKlitions. Local conditions include availability of various skills and materials, 
climate, available budget, and campus architectural vocabulary. 

COMPATIBILITY WITH STRUCTURE SUBSYSTEM 

The inside face of the exterior wall may be located at any position between the inside face 
and the outside face of the column. Space dimensions are measured to the inside face of the 
column— movinc the wall out returns "bonus space." 



inside 
face of 
column 




outside of 
the column 



K.2.2.1 


The exterior wall must be compatible with the dimensional characteristics of the perimeter 
grid frame described in Section F, Structure. Tolerances for structural movements of creep, 
earthquake and thermal expansion are required for the exterior wall. The allowable tolerance 
for the vertical intersection of exterior wall and structure is 3/4"; for the horizontal 
intersection is 1/2". 


K.2.2.2 


The allowable dimensional tolerance for the intersection of the ABS partitions with the 
non-system vertical surface is 3/8**±., with a maximum slope of less than 1/4 in 10 feet. 


K.2.3 


COMPATIBILITY WITH HVAC SUBSYSTEM 

Energy transference through the exterior wall should not exceed 377 BTU/hr. /lineal foot in 
summer, or 846 BTU/hr./lineal foot in winter. This requirement is to define the loads 
expected in the operation of the HV'AC subsystem. The implications on the design of the 
exterior wall for some climates will be severe, limiting the glass area and requiring high "U" 
factors. 

a. Early in the design stage, the design professional should provide interpretations of 
energy transfer to suit the local conditions. 

b. Windows should be non-operabie to the occupants. 


K.2.4 


COMPATIBILITY WITH LIGHTING-CElLIIMG SUBSYSTEM 

Spandrel panels enclosing the service space above the ceiling may be left off for access during 
construction. They should be removable for access during major alterations. 

The exterior wall should accept the ABS Lighting-Ceiling subsystem with no loss of 
performance at the joint. 


K.2.5 


COMPATIBILITY WITH PARTITIONS SUBSYSTEM 

The exterior wall must be able to accept partition termination on both the 60-inch planning 
grid and intermediate locations. 
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K.2.6 



DESIGN PROBLEMS 



K.2.7 



O 

ERIC 



New materials and construction techniques are producing a number of new exterior wall 

solution:^ implemented with only partial success. Well known problems experienced in 

exterior walls are: 

a. Condensation on windows, frames, and wall and column surfaces. 

b. Corrosion of metal connections attaching the exterior wall to the structure. This is of 
particular concern in seismic regions, for the shear resistance in the attachments may be 
greatly reduced. 

c. Glass breakage caused by partial shading of windows in intense heat or cold, and 
insufficient tolerance to allow thermal movement. 

d. Rain pentration due to failure to joints, and by outside/inside pressure differentials. 

DESIGN SUGGESTIONS 

Some of the above problems could be avoided in ABS buildings by consideration of the 

following suggestions: 

a. Provision of the air barrier on the warm side of the wall's insulation, preventing 
condensation forming within the wall. Warm air movement from inside the building 
through the wall to cold spaces within the wall reduces the temperature difference. 

b. Provision of an air chamber, sealed on the inside and ventilated to the outside, to 
prevent rain penetration by neutralizing the pressure differential which draws the 
moisture through. 

c. The window and window frame should be insulated from the structure so as to reduce 
condensation forming because of temperature differences betweert exterior surfaces and 
interior structure. 

d. In intensely cold climates, the provision of insulation on the exterior of the structure 
may be appropriate to reduce the load on the HVAC subsystem and to prevent 
expansion and contraction of structural members. Tolerances should permit movement 
between the exterior wall and the structure. 
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K.3 



CASEWORK 



K.3.1 Casework is defined as those interior furnishinge interfacing with the ABS subsystems. 

Included are the laboratory fumehoods and cabinetwork, and wall-mounted office and 
classroom equipment— such as shelving and storage units. 

The casework contributes materially to the visual environment. Its general appearance, 
proportions and colors are important considerations. Research for ABS showed, for example, 
that users objected to having only the black color bench and counter tops found in many 
laboratories. Although the users recognized that the black tops were generally of higher 
chemical resistance, they felt that the black color was not justified in many cases, and they 
preferred lighter, more colorful tops and furnishings. 

Casework may play an important role in enhancing or obstructing ABS emphasis on 
adaptability. One of the greatest obstructions to changing activities is in fixed casework. 
Casework should be modular, coordinated where possible with the ABS 60-inch planning 
module, movable, and its parts interchangeable. 

The ABS research indicated that many users would prefer more free wall and floor space for 
equipment and for setting up experiments as needed. Wall-hung cabinets for storage were 
preferred over base cabinets which, in some cases, went unused. 

K.3.2 COMPATIBILITY WITH HVAC SUBSYSTEM 

The HVAC subsystem will exhaust fume hoods. These should be provided with automatic 
constant volume bypass dampers, in order to allow HVAC air balance to be maintained. 

K.3.3 COMPATIBILITY WITH UTILITIES DISTRIBUTION 

The utility drops within rooms should be located on the surface of the partitions and behind 
the wall-mounted casework. Casework attachments should facilitate rapid relocation of 
exposed utilities. 




wall utilities 



casework mounted 
on hanger 
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K.3.4 



COMPATIBILITY WITH PARTITIONS SUBSYSTEMS 



The partitions will provide support for wall-mounted caswork in accordance with loading 
capabilities stated in Section I, Partitions. 

Partitions shall include attachment hardware for wall-mounted casework. The attachment 
hardware shall be of the following types: 

a. Flush, built-in hanger: spacing coordinated with partition module. 




^ 30" or 60" ^ 



b. Surface-mounted hanger: location varies. 
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ABS DEMONSTRATION PROJECTS 
GENERAL 

The ABS program consists of three basic phases: the research phase, the system development 
phase, and the demonstration phase. Until tested in actual demonstration projects wherein 
academic buildings are planned, designed, and built with the coordinated ABS procedures, 
planning concepts, and subsystems, ABS remains a "paper" system. 

Recognizing ABS' potential, each of the two sponsoring universities— Indiana University and 
the University of California— plans to initiate the demonstration phase with a major academic 
building project. The first specifically designated ABS demonstration project is the Science/ 
Engineering/Technology (SET) Building for the Indiana University/Purdue University 
campus at Indianapolis. A description of this building is included in this section, together 
with drawings. The University of California has completed a study of the application of ABS 
to the basic and clinical sciences laboratory of its new medical school at the Davis campus. 
The significance of this A3S' application to the health sciences is discussed in tfiis section, 
and schematic drawings are included. Final selection of the demonstration project will be 
made by the University of California from a list of candidate projects pending funding of its 
capital outlay program. 

The two demonstration projects by Indiana University and the University of California, 
because of the diverse geographical locations, present a broad spectrum of criteria for the 
ABS system. A major problem in the development of a building system with nationwide 
applicability was to provide for this broad spectrum, while including a sufficient number of 
options appropriate for different situations involving geographical areas where lesser 
requirements would be indicated. 

To illustrate this point, in California the structure must withstand high seismic loading, 
whereas in Indiana this is not required. In Indiana, high summer humidity and lew winter 
temperatures require greater HVAC capability than in California. The alternative options 
available in the ABS structure and HVAC subsystems adequately respond to such diverse 
requirements. 

In 1970, the Illinois Building Authority appraised the development of ABS and elected to 
extend the demonstration by allocating two projects from a list of candidates in Illinois to 
the effort: a science building for the University of Southern Illinois, and a library building 
for the University of Illinois. This latter facility could widen the applicability of ABS to the 
library disciplines. These two projects are awaiting funding in order to proceed. 




The value of the ABS system will be increasingly demonstrated as projects are completed, 
and data from actual installations are collected and evaluated. Comparisons of ABS 
demonstration buildings with conventional buildings, such as the six from which the 
cost/performance data was derived, will provide a unique opportunity to further analyze 
academic building costs, performance characteristics and building production methods. An 
expanded information base will provide solid assistance to all interested institutions and 
should generate additional input from them. 



INDIANA 

The initial ABS building in this state will be on the new campus known as the "Indiana 
University-Purdue University at Indianapolis" (lUPUl). The lUPUl campus will centralize the 
academic programs conducted for many years by the two universities in widely scattered 
facilities in Indianapolis. The current enrollment is approximately 17,000 students, and is 
expected to be 22,000 students by 1975. The ABS demonstration facility will house science, 
engineering and engineering technology disciplines. With enrollment in these disciplines 
projected to be 10,000 students in 1980, the required facilities ultimately will involve a half 
million square feet of floor area, developed through an almost continuous building program. 

The lUPUl campus is centrally located on the banks of the White River, near the Indiana 
State Capitol, and adjacent to the Indiana University Medical Center— as shown on the 
location plan. The ABS demonstration building is the initial project of an academic 
superblock, and will be known as the Science/Engineering/Technology (SET) Building. 
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L.2.3 The space need summary for the initial phase of the SET Building is; 
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*This column represents each department's share of the total laboratory area; the total represents the amount of laboratory area within the building. Technology departments 
providt^ for extensive multi<liscip!ii'e utilization of laboratories made available by the adaptability of the ABS system. 



L.2.4 



The space needs by departments within the SET Building are graphically shown below. 
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L.2.5 



The space needs by space type within the SET Building are graphically shown below. 
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L.2.6 



The SET Building design provides two 3-story wings, each wing having two space modules 
per floor. Deep service sp.ice is used throughout to permit initial and future relocation of 
services and laboratory space as programs change. The service towers, grouped at one end of 
the wings, with a full basement below, form a vertical service and circulation spine. As 
additional wings are added to the building, the spine can be extended. Horizontal 
distribution of service mains from the basement to the base of each service tower provides 
for rapid building modification and expansion. 

The maximum size space module was used to provide: large general space allowing maximum 
interior configuration adaptability; minimum exterior wall surrounding the enclosed area (to 
minimize exterior wall costs and HVAC operating costs); and maximum repetition of 
structural frame. 

The exterior design is a direct expression of the concrete structure option selected by the 
architects. The exterior skin is precast concrete with bolted attachments, permitting building 
expansion and access to the deep service space. 

The schematic design drawings hereafter delineate the project: 

Location Plan 
Basement Plan 
Floor Plan 
Perspective 

L.2.7 ABS data and procedures have proven valuable in the user's understanding of his facilities 
what they will do for him and what they will cost. For example, users concurred that 
application of ABS programming data supporting an approximately thirty percent reduction 
in their original request will not impair academic programs. Also, use of ABS procedures 
permits a scheduling reduction in total elapsed time of approximately ten months as 
indicated in the charts following the schematic design drawings. 

L.2.8 The SET Building deiiign is by a joint venture team of three firms: 

Building Systems Development, Inc.; San Francisco 

Fleck, Burkart, Shropshire, Boots, Reid & Associates; Indianapolis 

James Associates; Indianapolis 
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CALIFORNIA 



Due to current capital outlay funding limitations in this state, an ABS demonstration 
building has not yet been selected. One of the candidate projects is the initial building for the 
basic and clinical sciences of the new medical school at the University of California campus 
at Davis. The University commissioned an independent appraisal of the ability of the ABS 
system to accommodate the program for this building project— the appraisal, completed in 
April 1971, was made by the architectural firm which had prwiously developed an 
acceptable design for the building. 

The Davis campus, one of nine in the University of California, is situated about twelve miles 
from Sacramento, the State Capitol. Enrollm.snt is currently about 12,000 students, with a 
planned growth to about 19,000. Originally devoted to the agricultural sciences, the Davis 
campus was designated a "general campus" shortly after World War II when the enrollment 
was less than 2,000 students. Definition of the health sciences program at Davis includes 
veterinary sciences and the medical sciences joined in a new building complex. Enrollment >n 
the School of Medicine is approximately 310, with a projected enrollment of 1,500 
by 1980. 

The ABS system was applied to the building housing the basic and clinical sciences for the 
new medical school. The space program, in terms of net assignable floor area required for this 
building is as follows. 

NET AREA SUMMATION: 



a. Basement: 



Sq.Ft. 



Physical Plant 
Receiving and Storage 
Central Instrument Facility 
Experimental Animal Facility 
Radioisotope Control Center 
Constant Environment Facility 
Electron Microscope Suite 

Basement Total 



1,393 

4,270 

2,497 

2,350 

1,041 

1,456 

2,322 

15,329 



b. First Floor 

Multi Discipline Laboratories 32,600 

Support Facilities— Morgue j 2,031 

Support Facilities — Aministration 8,661 

Experimental Animal Facility 2 , 2 ^ 1 



First Floor Total 



45,509 



First Floor Mezzanine: 



Sq.Ft. 



c. 



Experimental Animal Facility 
d. Second Floor: 



Biochemistry 10,544 

Behavioral Science 5,683 

Glassware Facility 900 

Biomedical Communication 7,927 

Pharmacology 8,583 

Physiology 9,719 

Experimental Animal Facility 2,151 



Second Floor Total 

e. Second Floor Mezzanine: 
Experimental Animal Facility 

f. Third Floor: 



Pathology 12,252 

Animal Tissue/Fermenter 563 

Glassware Facility 563 

Anatomy 9,991 

Microbiology ' 9,603 

Group Facilities 5,975 

Information Science 4,690 

Experimental Animal Research 2,1 1 1 



Third Floor Total 

g. Third Floor Mezzanine: 

Experimental Animal Research 

Total Laboratory Building Area 



2,450 



47,507 



2,151 



45,748 

2,111 

160,805 sq.ft. 



L.3.4 The Medical Sciences Unit 1 building, as designed in the ABS appraisal, is a massive 
three-story building using four maximum size space modules on each floor. The building is 
designed for major expansion, typical of health sciences complexes. The deep service space is 
used throughout to provide for the particularly high relocation and modification rates 
anticipated, especially in the medical research laboratories. Services distribution is expected 
to be near the maximum provided by the ABS system. Those functions and special facilities 
advantageously located outside the space module are in enlarged service towers grouped at 
opposite ends of the building. Two stories in the service tower correspond with a single story 
space module. For example, animal quarters requiring special finishes, extensive water- 
proofing and drainage are functionally placed in the lower (8'-0") headroom of the service 
tower. 
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Just as in Indiana's SET Building, a horizontal distribution of services is from a basement 
area connecting the service towers. Use of the maximum size space modules provides the 
large uninterrupted (except for columns) area needed for anticipated, continual changes in 
space configurations. 

L.3.5 A steel structure was selected in response to the high earthquake risk and the low allowable, 
soil bearing pressure in this geographical area. The HVAC subsystem provides cooling for hot 
summers and filtration of dust generated by the agricultural community, but otherwise 
reflects the comparatively mild California climate. The exterior wall is of removable, 
aluminum framed glass and steel panels that permit building expansion and access to the 
deep service space. 

L.3.6 The building design is by the architectural firm of Stone, Marraccini and Patterson, of San 
Francisco, 

L.3.7 Drawings included are as follows: 

Location Plan 
Basement Plan 
First Floor Plan 
First Floor Mezzanine Plan 
Building Sections 
Expansibility Plan 
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U.C. DAVIS MEDICAL SCIENCES I 
BASEMENT PLAN 
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U.C. DAVIS MEDICAL SCIENCES I 
FIRST FLOOR PLAN 
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U.C. DAVIS MEDICAL SCIENCES I 
FIRST FLOOR MEZZANINE PLAN 
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L.4 



COST COMPARISON 



L.4.1 The table following is for the purpose of comparing average costs of the three sample 
California buildings, the three sample Indiana buildings, two separate estimates of Indiana's 
SET Building, and an estimate of California's Medical Sciences Unit 1 Building. 

L.4.2 All costs have been projected to the Engineering News-Record Construction Cost Index of 
1550. However, the cost estimates for the two ABS demonstration buildings were based on 
schematic design, and therefore are less detailed than the costs for the six existing sample 
buildings. 

L.4.3 The cost variations reflect the differences among the buildings' characteristics, and to an 
unknown extent, the differing methods of appraising costs by the several estimators involved. 
In any event, the totals indicate significant construction cost savings attributable to the use 
of ABS subsystems. 

L.4.4 Additional savings anticipated from the use of ABS procedures are not included in this 
comparison. However, Architects Stone, Marraccini and Patterson estimated that phased 
design and construction would provide an additional 6% construction cost saving for the 
Medical Sciences Unit 1 Building. 
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COST COMPARISON SUMMARY 

$/OGSF— all costs projected to EIMR Construction Cost Index 1550. 
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M.1 



THE DEVELOPMENT OF ABS 




M.1.1 BACKGROUND 

The Academic Building Systems program was initiated in response to the growing concern 
for the rising life cost of academic buildings, particularly buildings requiring a high degree of 
maintenance and alteration. The major ABS objective is to provide academic facilities that 
can accommodate both foreseeable and unanticipated requirements within a realistic cost 
context. In attaining this objective, a primary goal is to lower the building life cost while 
maintaining or improving performance. Thus, cost control relates directly to building 
performance. 

M.1 .2 HYPOTHESIS 

A basic assumption of the ABS program is: an academic building during its useful life span of 
many decades needs to accommodate many different activities and their built-environment 
needs. Specifically, the areas of change that most directly affect physical facilities are: 

a. Changes in university programs. In current practice, building programs are essentially 
determined by the requirements of the "first users" who play an immediate role in the 
initial programming process. As these users (both direct and indirect) change, their 
requirements are likely to change accordingly. 

b. Changes in departments and/or disciplines. Although not predictable, changes in 
department size or organization can be accommodated by providing generalized space. 
It not only has the ability to meet the service and area requirements of a specific 
discipline, but generalized space also has the ability to adapt to changes in activities and 
methods within the discipline, or to another discipline entirely. 

c. Changes in equipment. Evolutionary improvements in equipment used for research, 
teaching and built-environment control not only affect building services but also space 
sizes, configurations and circulation. Such changes may be incurred by the daily 
requirements of an experimental laboratory, or by future developments in teaching and 
research methods. 

In view of present and future funding constraints, treating every academic building 
requirement with a customized solution is neither necessary, desirable nor feasible. Future 
academic buildings must be seen as structures capable of accommodating a changing variety 
of space types and departments. Departments must become accustomed to being tenants 
rather than owners of buildings. The single department building, or a building for a single 
discipline, is no longer appropriate to the pace of change on the campus. 
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M.1.3 



SOLUTION 



The total process of building production and utilization demands a much higher degree of 
internal coordination than has been achieved so far. The systems approach was selected as 
the vehicle for effecting improvements over conventional methods of building production. A 
major intent of the ABS program has been to develop a means whereby universities can 
construct areas of generalized space for increasingly changing academic programs, with 
reasonable confidence that changes in program needs will be accommodate within limited 
budgets. 

M.1.4 METHOD 

The design process for a building system differs from the traditional building design process 
in that although the designers must work with an indeterminate program, they must design 
to respond to a specific range of requirements. These requirements are determined by inputs 
from varied sources: tradition, user needs, costs and budgets, building techniques, and user 
reactior's to past experience, to name a few. An academic building system must provide a 
university or college with options for building programming and design, which will 
adequately provide for criteria ranging from the most general considerations of departmental 
organization to the most detailed aspects of building components. 

Application of the systems approach in the ABS program involved three main areas of work: 

a. A research phase to establish a data base for subsystem development work. 

b. A development phase to define the ABS subsystems. 

c. A demonstration phase wherein the ABS system is utilized in design and construction of 
academic buildings. 

M.1.5 RESEARCH PHASE 

M.1 .5.1 The ABS research phase involved four main lines of enquiry: 

User Requirements. Defined the general nature and range of user requirements for the 
space types involved. 

Performance Standards. Established specific standards of performance that ABS 
subsystems must meet. 

Cost Base. Established cost targets and cost control mechanisms for the ABS 
subsystems. 
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d. Subsystems Options. Conducted studies of existing buildings leading to the establish- 
ment of basic concepts and a range of functional relationships and dimensional criteria. 

Measurement of both cost and performance for subsystems is based on data from six major 

academic facilities,® selected as typical examples of science and engineering buildings. 

a. These buildings were analyzed in depth, using the construction drawings and 
specifications, visits to each building, and interviews with the users. The documents 
defined the building design and performance characteristics; the interviews provided an 
evaluation of building performance in meeting user requirements. The characteristics of 
each building subsystem were then listed and measured in a form which would permit 
cost/performance comparisons with ABS subsystems. 

b. The consultant, assisted by professional staff of the two universities, conducted a series 
of user studies to establish the range of activities and user requirements for which the 
ABS system must provide. Of prime concern in the data collection was the general 
nature and range of requirements for academic buildings— those built-environment 
requirements basic to learning, teaching and research activities. 

c. Data collection covered a spectrum of space types and disciplines, but with primary 
emphasis on science and engineering. To provide testimony to current needs and 
reactions to existing facilities, users of the buildings and other academicians were 
interviewed in depth. In addition, a series of background studies explored academic 
methods and trends that would indicate a different emphasis in the way buildings may 
have to meet the needs of future users. The studies provided insight into the attributes 
and functions of the university as a complex social system of aims, values and personal 
relationships and validated a basic assumption of the ABS program: users of academic 
buildings have common attributes and environmen^ul needs generated by similar 
activities, irrespective of status (faculty, staff or student), geographic location or 
discipline. 

d. The user studies are summarized in ABS publication 1 : "Environmental Study: Science 
and Engineering Buildings. " 



®The six sample buildings are; 

Jordan Hall, Indiana University, Bloomington, Indiana 
Krannert Hall, Indiana University and Purdue University, Indianapolis 
Civil Engineering Building, Purdue University, Lafayette, Indiana 
Biological Sciences Unit 3, University of California, Davis, California 
Natural Sciences Unit 1 , University of California, Irvine, California 
Bio-Sciences Unit 2, University of California, Santa Barbara, California 



M.1.5.3 



Development of System Options 



Several stages were involved in the translation of the user, building, and cost data into 

performance criteria and options for the ABS system. In the translation, requirements were 

developed and expressed in several different ways: 

a. Technical Criteria. User requirements are translated from everyday expressions into 
technical terms. 

b. Space Types. Technically expressed requirements were related to space types. 

c. Academic Methods. Changing teaching and research methods were analyzed in terms of 
new demands on support facilities. 

d. Existing Facilities Analysis. Existing facilities were analyzed as to how well they 
support activities in terms of the performance characteristics of subsystems. 

e. User Reactions. Expressions of satisfaction or dissatisfaction with present facilities were 
organized as they pertain to building elements. 

f. Responsive Criteria Notes. All preceding items were comparatively summarized to 
formulate a preliminary recommendation of performance. 

g. Cost. Studies of costs and subsystems performance in existing facilities included the 
costs of functional areas and of adaptability. 

h. Systems Studies. The design requirements for coordinated building subsystems and 
building configuration and adaptability were examined. 

i. Building Technology: The general building process was considered in terms of product 
availability, trade requirements, and code requirements. 

j. Performance Standards Determinants. Preliminary performance recommendations were 
compared with compatibility and technological factors in formulating judgements about 
effective levels of performance. 

k. Subsystems Proposed Performance. Conclusions from the foregoing studies-user 
requirements, translated into technical terms, subjected to tests from existing building 
practice and economics, considered against cost limitations and the range of choices 
open to user and designer— were presented as performance requirements for the ABS 
system. 
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Relationships among these stages are illustrated in the following diagram: 




M. 1.5.4 The analyses of the existing facilities, cost, and performance data for each of the six sample 
buildings were organized in the following sequence: 

a. Existing facilities subsystems were described and analyzed comparatively along with 
user reactions. 

b. Performance characteristics and unit costs for each subsystem were established and the 
cost/performance relatv'jnship of each was analyzed. This organization permitted 
comparisons between subsystems, or consideration of a package of subsystems, or the 
performance range of a building. The packages provide a cost/performance base for 
existing facilities against which the ABS subsystems, or others, may be evaluated. 
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M.1.6 



DEVELOPMENT PHASE 



M. 1.6.1 



M. 1.6.2 
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In order to structure a building responsive to present functional and economic needs, the 

consultant conducted the following studies: 

a. An adaptability study examined the effect of programmatic, disciplinary and equipment 
changes upon the building and service subsystems for the development of realistic 
guidelines for adaptability. 

b. A configuration and module study established general use, circulation and service 
patterns, forms of incremental growth and dimensional criteria for space and planning. 

c. A subsystems alternatives stuc, presented a broad range of solutions for subsystems, 
showing how design decisions narrow the range of useful alternatives. These decisions 
related primarily to organizing services to permit required growth and change. 

Findings from the existing facilities analyses and systems studies provided the basis for final 

determination of the ABS subsystems. The following characteristics were sought: 

a. Subsystems with a high percentage of the total construction cost, to permit maximum 
control of the building expenditure. Those chosen represent from 38% to 56% of the 
total cost of the existing buildings analyzed. 

b. Subsystems with commercially available components of acceptable quality. 

c. Subsystems in which coordinated design has the potential to reduce overall costs, and 
improve the total building environment. 

d. Subsystems that are on the construction critical path to permit more effective control 
of the building process. 

e. Subsystems that will not result in design restraints unacceptable to either the direct or 
indirect users. 
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M.1.7 



THE ABS SYSTEM 



M. 1.7.1 



M. 1.7.2 
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The connection between systems studies, cost/performance analyses of existing facilities and 
user studies is illustrated below. The strength of the ABS system lies in these connections 
between study stages and the over riding emphasis on cost/ performance in all stages. 

PERFORMANCE CONTROL - STAGES OF PROCESS AND CONNECTIONS 



research 



design 



building 



CO 

cu 



“ O) 
O O 
CO c 
CO 

.1“ ^ 

X S 

0) Q. 



CO CO 

-*-» C 
C O 
(1) 

^ a 

(D CO 
il q; 

•— L_ 

7 ( 1 ) 
O) M 
3 

fc T3 

CO C 
3 CO 






a; 

o 

l| 

o ^ 

Q. Q. 



E 

O) 

« . 2 > 
CO 

=3 -S 

CO ^ 



I N 
I 
I 
I 

U.. 



performance 

specification 








0> 




U 




C 


4- ^ 

o O 


CO 

<u E 

o W 




CO Q 


o 


cut 


Jr OJ 
Q- CO 


r- 03 
.E CL 



1 



interface 

control 



performance check 



I 



user requirements check 



A set of planning concepts were developed along with the subsystems criteria tr, assist the 
ABS user in arriving at an early design configuration. The space module, as the principal 
planning concept, provides broad generalized space; fixed elements, such as toilet and 
mechanical rooms, are on the building periphery— outside the space module. The space 
module fulfills an important user requirement for complex research laboratories; it is an 
adaptable space with potential for a variety of configurations and layouts as teaching and 
research needs change. 
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M. 1.7.3 A study testing the applicability of the ABS system to actual conditions encompassed four 



a. The proposed subsystems were tested against comparable levels of performance in the 
six sample buildings, and then checked against the user requirements. 

b. Planning implications of the space module were examined in terms of generic 
configurations, applicability to many existing building types, and growth pattern 
alternatives. 

c. The ABS subsystems were tested for adaptability and cost of change, using a two-stage 
model. 

d. ABS costs were evaluated and compared with existing facility costs, all at the same base. 



areas: 
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M.2 STRUCTURE/SERVICE CONCEPTS CONSIDERED BY ABS 

M.2.1 a basic decision in the development ot ABS was the determination of an organizing concept 
for structure/services that would best accommodate t le architectural design work, permit 
repetition in construction, and simplify iubsequent expansion and alteration whether 
vertically or horizontally. In the user survey, adaptability emerged as the most critical of all 
aspects of building performance needir>g improvement. The adaptability of the structure/ 
service relationship is important, not only because of stated user needs and cost 
considerations, but also because of the rapid rate at which technological, academic and 
administrative obsolesceixe can overtake any design configuration, no matter how carefu^y 
planned. Obsolescence becomes most acute in laboratory spaces-as distinguished from other 
academic space types- primarily because of the diverse and exntesive services required. 
Alterations to the services, consistently the most costly part of modifications in academic 
buildings, closely relate to the interface among structure, utilities, HVAC, partitions and 
{ighting^eilirtg subsystems. All share parallel requirements for adaptability, as all are related 
by physical contact or proximity. 

M.2. 2 In establishirrg the ASS utilities distribution relationship to structure, degrees of performarKe 

were considered. Whereas design for current conditions only often proves to be serious 
under design for the future, highly redundant or overdesigned subsystems are not necessarily 
implied as the answer. Far more feasible and less costly is sufficient service space providing 
for future changes and additions, if coordinated with all other subsystems involved. 

M.2.3 In existing buildirtgs, in gerxsral, the structure/service design found in any one laboratory was 
reasonably logical and efficient, and was defensible as an isolated, static solution to a defined 
problem. Howevjr, in the conteAt of change, most structure/service solutions were lacking in 
some aspect of the design of any one subsystem and in coordination with the other 
subsystems. 

M.2.3.1 In the conventiorial and unconventional iaboratorits examined, services had been installed 
according to traditional practices. That is, the engineer prepared working drawings, 
supplemented in some cases with exact layouts or shop drawirtgs. During irvstallation, 
subcontractois were often required to innprovise considerably in order to fit piping, 
ductwork and equipment into the allotted space. As work progressed, each succeeding 
subcontractor was faced with the progressively dift cult task of winding his lines over, 
arourd, under and through the others already installed. Thus, innumerable ad hoc 
penetrations of structure and enclosure elements occurred. 
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M.2.3.2 



M.2.3.3 



M.2.4 



M.2.4.1 



M.2.4.2 
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in the complexes visited, service installations generally had the following disadvantages: 

a. Installation cost was high. Lat>or time for cutting and fitting was excessive. 

b. Distribution lines were often difficult to locate for maintenance or alteration. 

c. Components in service spaces blocked access to others, causing maintenance problems. 

Cost studies indicated that the combined cost of structure and services are one-half the 
construction cost of a building, while services alone account for one-quarter to one-half the 
costs of alteration. Costs for services addition are higher than for modification, because the 
former entails large scale building disruption. As alterations to the services are consistently 
costly, service routes must be considered in conjunction with all decisions for subsystems. 

ABS performance requirements call for a UBC Type I, fire-resistive building, with structural 
bay sizes from 20' x 20' to 30* x 40*. The following rules determined the ABS structure: 

a. The structure must be simple to construct with nationally used techniques. 

b. The strj'ture must be cast-in-place concrete, precast M'‘ncrete, or steel. 

c. The '.'rv.c*ure must permit rights-of-way for plumbing, electrical, communication, 
^o*^ ‘ . '-Is HV' . computer cables and specialized services. 

d. The depth for the hocizontal structure framing and the service space depth must be 
.lighly compatible to allow each to be optimally used. 

e. V tiu:! suspension of the ceiling must offer minimum obstruction to services 
c .• ibutiun. 

Feasible horizontal structural alternatives were: 

a. Concrete flat plate 

b. Concrete waffle slab 

c. Concrete slab on shallow beam of either concrete or steel 

d. Shallow steel truss 

e. Deep steel truss 

Feasible alternatives for late' a! load resistance were: 

a. Shear wails 

b. Moment re.sisting fra’i'^: 

c. Perimeter frrme 




M.2.4.3 Principal reasons for selecting the shallow beam and slab and the perimeter frame were. 

a. The concrete flat plate, although within the allowable target cost, was eliminated 
because the required 12 inch depth provides limited structural stiffness and does not 
permit easily made drain line relocation. 

b. The concrete waffle slab, although economically feasible for the bay sizes required, 
places all service circulation in a layer below the structure. The cost of the added 
building height was the eliminating factor. 

c. The shallow steel truss was eliminated because of conflicts between truss and services 
depth, and the cost of fireproofing the truss. 

d. Attempts to achieve adaptability in laboratory buildings have utilized 60 to 80 foot 
structural spans, but the high cost of the required 6 to 8 feet deep truss grossly 
exceeded the ABS target costs. Although the idea of interstitial space® originated the 
use of deep trusses that provided service distribution space, the ABS concept differs in 
utilizing shorter spans responding to user requirements and at lower cost. It was noted 
that deep trusses can be impediments to service runs— particularly the large HVAC 
ducts, and fireproofing of steel trusses is expensive. The less inhibiting Vierendeel truss 
is even more expensive. 

e. The perimeter frame was chosen to resist lateral forces— seismic or wind— and was 
considered the most economical solution to the performance requirements. In general, a 
conventional moment-resisting frame with columns at the corners of the structural bays 
only, is more expensive than a perimeter frame. Although the perimeter frame costs 
about the same as shear walls, it is must less restrictive for interior planning and exterior 

wall design. 



M.2.5 The number of feasible geometric relationships between structure and services distribution is 
limited. 

M.2.5. 1 Four alternatives for relating horizontal services to horizontal structure are; 

a. Services moving horizontally belo.v the structure. 

b. Services moving around the perimeter of the building. 

c. Services moving between structural members. 

d. Services within a structure permitting freedom of movement in two horizontal 
directions. 



^Laboratory buildings using this concept, visited and studied by the AEtS team, included: 
Salk Laboratory, La Jolla (concrete Vierendeel trusses) 

Veterans Hospital, San Diego (fireproofed steel trusses) 

Hospital, Santa Cruz (concrete trusses) 

McMasters Medical Center, Toronto, Canada (fireproofed steel trusses) 

Grp^wich Hospital, London, England (composite steel and concrete trusses) 
Loughtiorough University, England (precast concrete trusses) 
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M.2.5.2 Five alternatives for vertical movement of services are: 



a. Concentrated shafts on the perimeter of the building. 

b. Concentrated shafts inside the building. 

c. Dispersed vertical shafts inside the building. 

d. Vertical walls of services inside the building. 

e. Vertical walls of services on the perimeter of the building. 

These may or may not directly relate to vertical structure; as structural alternatives they have 
definite implications for vertical and horizontal movements. Some vertical and horizontal 
combinations are not workable; for example, an interior shaft of services cannot easily 
connect to a horizontal perimeter movement. 

M.2.5.3 The most useful structural conditions are combinations of the following: 

a. VERTICAL INTERIOR SHAFT 
Horizontal Below Structure 




HORIZONTAL: VERTICAL 

Entirely below structure Perimeter shafts 

Interior shafts 
Dispersed verticals 
Interior cavity 
Perimeter cavity 
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HORIZONTAL; VERTICAL: 

Multi-directional within Perimeter shafts 

structural depth I nterior shafts 

I nterior cavity 
Perimeter cavity 



b. 




HORIZONTAL MULTI-DIRECTION IN STRUCTURE DEPTH 



vertical 

perimeter 

shaft 



HORIZONTAL: 

At building perimeter 
Between structural members 



VERTICAL: 
Perimeter shafts 
I nterior shafts 
Interior cavity 
Perimeter cavity 




j * ► 
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The preceding model (b) relates structure and services both vertically and horizontally. A 
design decision to use a given model narrows the range of applicable building methods and 
implies a range of building products or hardware solutions. Conversely, the choice of a 
particular building method implies a range of products and a limited number of model 
solutions. A total services distribution pattern consists of combined patterns for different 
services elements. For example, the structure/services relationship involves utility services 
and HVAC. Combinations of distribution patterns must be well defined as to compatibility 
with one another and with structure. 

M. 2.5.4 Factors of structure/services organization considered but not selected by ABS are 
summarized below: 

a. Vertical wall inside building provides good access to services for installation, 
maintenance and change; provides vertical shafts near take-off points; but does not solve 
disruption problems caused by changes in service laterals. Further, the interior core 
limits possibilities for a range of plan types. 

b. Vertical walls of services on t"‘s perimeter of the building were rejected because the 
preference expressed in the sser study was for perimeter work stations with an outside 
window. 

M. 2.5.5 Selection of vertical shafts of services (service towers) placed on the building perimeter was 
based on: 

a. The space module should be a clear loft of space, ideally penetrated by neither vertical 
structure nor services, to permit freedom for internal planning and rearrangement of 
spaces. For this reason, the interior vertical service co--e, often used in science buildings, 
was not considered the best solution. 

b. External vertical circulation of services may be concentrated to provide maximum wall 
area for windows. 

c. Concentration of vertical shafts in mechanical rooms allows concentration of 
maintenance activities, and isolates functional units from fire sections and possible 
sources of smoke migration. 

M.2.5.6 If air handling equipment is located in the service space above the ceiling, constraints are: 

a. Additional floor-to-floor height is required for equipment and access thereto. 

b. Ceiling must be designed for additional loading. 

c. Ceiling must be designed for additional noise, vibration and fire safety demands. 
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d. Large areas of ceiling space {under equipment) would be inaccessible for utility drops of 
HVAC terminals. This would substantially reduce planning alternatives. 

e. Major space renovation or relocation, removal and repairs of equipment would be 
difficult and costly. 

The above disadvantages outweigh the cost disadvantage incurred by increased floor area for 
the separate mechanical rooms in the service tower. 



M.2.6 UTILITIES DISTRIBUTION 

M. 2.6.1 ABS considered the use of horizontal drain lines run in channels in the floor, w.th easily 
removable covers. Although drains can be added or moved without disturbing the rooms 
below, adjacent spaces are disrupted by changes in service laterals, the channels restrict bench 
and drain locations, covers add to costs, and the structure required is complex and expensive. 

M. 2.6.2 Service zones on alternate floors were also considered for ABS. 

a. The advantages are that overall building height is somewhat reduced, as is the need for 
horizontal runs of piping and conduit. 

b. The disadvantages are: 

Horizontal access to the piping at alternate floors is eliminated. HVAC and piped 
utilities from below require numerous floor penetrations that can present 
problems. The drilling required for alterations is a noisy, disruptive and difficult 
process. 

Serving HVAC and piped utilities to floors above and below increases the 
likelihood of crossover conflicts. 

For reasons of fire safety, the service zone may not be a continuous space; all floor 
and ceiling penetrations must be carefully sealed, and all HVAC terminals to one 
of the two floors must have fire dampers. 
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C. SERVICE ZONE PER ALTERNATE FLOOR 





plumbing and HVAC 

drainage 



service zone (structure, 
drainage, supply) 



functional zone 

service zone (structure 
and drainage only) 



functional zone 

service zone (structure, 
drainage, supply 



functional zone 

service zone (structure 
and drainage only) 



M.2.6.3 A service zone for each floor effectively minimizes disruption in spaces adjacent to those 
wherein changes are made, by providing horizontal access to all service distribution 
components. 

a. Each mechanical room is independent and is served by a separate air handling unit on 
each floor. 

b. Building height increase is slight; the increase is unfinished service space. 

c. .\!l services circulate horizontally throughout the space beneath the horizontal 
structure, and above the occupied zone. 

d. All services are supplied down through the ceiling to the occupied space. Floor 
penetrations are limited to waste drains. 
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e. SERVICE ZONE PER FLOOR 



service zone (structure, 
drainage, supply) 





service zone (structure, 
drainage, supply) 



functional zone 




service zone (structure, 
drainage, supply) 



functional zone 

service zone (structure, 
drainage, supply) 



M.2.7 ABS included a ceiling throughout the space module for the following reasons: 

M.2.7.1 During the user survey, ceilings were requested in research laboratories; otherwise, dust 
collecting on exposed piping, ductwork, and lighting fixtures falls into and ruins 

experiments. 

M.2.7.2 Acoustical ceilings are desirable in virtually all academic areas to lessen noise transmission to 
adjacent areas; to facilitate communication in classrooms and teaching laboratories; and to 
provide privacy and quiet in offices. 

M.2.7.3 A ceiling is less expensive for the average academic room than are the added costs for 
partition height from ceiling level to the overhead structure, with the attendant cutting and 
fitting required around ducts and utilities. 

M.2.7.4 The ceiling provides head connection for demountable partitions. If ducts and utilities 
penetrate partitions above the ceiling, demountable partitions are not economically 

practicable. 
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M.2.8 



ACCESSIBILITY 



M.2.8.1 In laboratory spaces the need for future adaptability takes precedence over the need to 
minimize initial construction cost. All parts of the service space should be accessible without 
entering the occupied space below; consequently, the ceiling must support the workmen 
above in the service space. 

M.2.8.2 In offices and classrooms that do not require a high degree of adaptability, a conventional 
suspended ceiling with access from below can be used at lower cost, 

M.2.8.3 The ABS system provides for both types of ceiling. 
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M.3 



ABS PARTICIPANTS 



Indiana University 

Donald H. Clark, Assistant Vice President— Business 

Ray W. Casati, University Architect 

Howell H. Brooks, Director, Department of Physical Plant 

Alfonso L. Messina, ABS Program Coordinator 

Ruth Neil, Secretary 

University of California 

Robert J. Evans, Assistant Vice President-Physical Planning and Construction 
R. Clayton Kantz, Director-Building Systems Projects and ABS Project Director 
Richard H. Rohrbach, Assistant Director-Building Systems Projects 
Marjorie A. Kingland, Administrative Analyst 
Theresa Coombs, Administrative Assistant 

ABS CONSULTANT 

Building Systems Development, Inc.— San Francisco 
Ezra Ehrenkrantz, President 

Christopher Arnold, Vice President, Officer in Charge of ABS 
William A. Kinst, ABS Project Manager 

Consultants to Building Systems Development, Inc. 

Forell/Elsesser Engineers, Inc. 

G. L. Gendlerand Associates, Inc. 

David Bradwell and Associates 
The Koch Company 
Copenhagen and McLellan 
James Associates 

Indiana Demonstration Building 

The Indiana University/Purdue University campus, Indianapolis, Indiana 
In joint venti re: 

Building Systems Development, Inc. 

James Associates 

Fleck, Burkart, Shropshire, Boots, Reid & Associates 

C alifornia Demonstration Building 
To be designated at a later date 




ABS PUBLICATIONS 



ABS documents have been prepared by the ABS staff of the Office c.. f the President, 
University of California. Except for a limited printing by the University of California 
Printing Department, the documents have been printed by Indiana University 
Publications, at the expense of Educational Facilities Laboratories, Inc. Copies are 
available from either of the two Universities. 
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GLOSSARY 



APS: Academic Building System. 

ABS SUBSYSTEMS: a group of building subsystems appropriate for simultaneous 
development to improve the combined performance through controlled interaction. 

ACCESS CEILING the ceiling providing vertical access from below to the ABS shallow 
service space. 

ADAPTABLE ELEMENTS: those building elements responding to particular academic 
program requirements; considered as ncn-permanent items; each is individually movable or 
replaceable with minimum damage or dislocation of other items. 

ADAPTABILITY: the capacity of a building to accommodate changing programs and 
activities during its lifetime. 

ASF: assignable square feet; the square feet of area within a room designed and available for 
as'^ignment to occupants for specific academic programs. 

BUILDING SYSTEM: a coordinated set of building components, concepts and procedures 
which together comprise a building production method 

BUILDING SYSTEM INTEGRATION: the simultaneous development of a group of 
building components, traditionally treated independently, to improve their combined 
performance through controlled interaction. 

CATWALK CEILING: the ceiling with a walking surface above, permitting horizontal 
access to all building services and utilities within the service zone, with the ABS deep service 
space. 

COMPATIBILITY: the state of functional, economic and aesthetic coordination between 
two (or more) subsystems or components. 

COMPONENT: a coordinated group of parts forming a portion of a building subsystem. 

CONFIGURATION: the organization of structure, functional space, and circulation 
patterns of people and services in a building. 

COST-BENEFIT ANALYSIS: the simultaneous comparison of alternatives in terms of 
performance sriCj cost. 

COUPLED SPACE MODULES: two single space modules horizontally combined within the 
same perimeter frame. 
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DEEP SERVICE SPACE .i mechnnicji service zone above the ceiling enabling construction, 
maintenance and service personnel to /.urk on t)uilding services without disturbing buildiiig 
components. 

DOWNGRADING: to change the use of a building from ' ’UMinn nurr»erous server' to 

one rtquirmg fewer services. 

ELECTRICAL DISTRIBUTION; power, lighting, communications and 
r I RST COST construction and the costs associated therewith. 

FUNCTIONAL AREA an occupied portion of a building with a particular, assigned use, 
such as offices, classrooms or laboratories. 

MAh !) AARE the physical components of a building. 

AC. MfjT.ng ventildTing and air corvdiTionmg 

\\[ :’/• L i i L ^ ^TEM a building system whose hardware and voMware componrntv do 

» < ‘ rfHoi' pass the l.ji range of items ifsc^udetf tn ttve total 1 nj ^«»txJuction method 

Mi PF ACt a viJiTace 'rgafOeo as tne common DOuixiary of i-cKut-i o» 

lift COST total OWr>if>g dur»r-.g i,te Vi3ar> .1 tiu>ld»nq '^U.idny i ' . Ion 

o;>efa!*ur^ ^tcr\jfKe afvo altefai»un casts 

’/ ! CMA\tCAl ffCX)M Itiat si>^r hous ng 3 ' .» f r\ 3 fKlLr>g e<]u*prt»cnt le^cept fur emhaust 

•3- the electrical di>tftbo!»on ' it Afofrncfs fi.aif' pi»f>els for each S4>ace rr>odu»e 

V<.)UUL t an d '^^nuonal discipi nr 

AttS SubbVSfFM Lhj Idiog subsySle^tts cK^lSide the scope of the ABS spstem 

de* ft 't *uh 

\ 0 \ sPtCif IC Building :hc bu^kJirsg corse epi of p^^>v»aifSQ ifidetef 

jjcii md!ir%g a rarsgpe at to# n*lta arsd future conf*^#af lOm 

cX L V** ASL > the uye of a fursc!tO* ul a»«a 

UKjtstOe fo«^l Ifsc of the cXCupKRtI flOO# aicaft »fsttu<Jwd wnth.n Ifw: 

L»«. t ? f:Se ’’afccn of ettet^tu^ %%ai‘s fee all slutf *c?s cX exs 

\ a » itSti'fcg syslr't*^ the Mj|jny%tMss c-»n be a* more lfv»n tX’Mr 

c ^ and thus pnocufXbir from mo4r i^va^ of'ie 
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PERFORMANCE REQUIREMENTS: the performance characteristics that each component 

or sul)system must piovicie in order to meet project objectives. 

PERMANENT ELEMENTS: those building elements less affected by specific academic 

program requirements, and expected to remain unaltered throughout the life of the building, 

PI ANNING CONCEPTS; the space module, service tower, partition module, and lighting- 
ceiling module used m making fundamental planning decisions 

RATIONALIZED TRADITIONAL SYSTEM: a building syitem that optimi7*='< the use of 

conventional building products. 

SERVICES: distribution of HVAC and utilities 

SERVICE TOWER a building element outside the space module containing staircases, 
elevators, all utilities distribution risers, mechanical roon>s, all vertical air ducts, and toilet 
facilities 

SHALLOW SERViLfc SPACE the /one of sufficient height above the access ceiling to 
jccommod.M** lequired vervic« clisTr.buiion elenwnis, access from below foi mamte 

odrKe ar»d vetvic e p«*fsofvnel 



SOFTWAHfc die non phyvicdl of j iyitwii. e g , d proceduse oi d conccpl dve 

vet of fultn " for .1 buildn>g vystem 

SPACE MODULE d orwr ■nory blodk of building volume of weryirtg width arxl length, and 
two dliirmative heigTiti. mctfu»niCdUv and itructutally independent. accommoddt« a 
«ea«>r\able grouping of avvot idled academic ipace type». atyJ i» economically Mwved by an 
au K^iivdlir^g unit 

STRuCfUHE SERVICES MODEL it*e loutii'Q of the service subiyi.tem 4 of HVAC. 
ui.l.ticrs diKl eiw.ir.idi distribution in icIdiKsn to tfse structure and lignimg ceilmg subsystems 

SYSTEMS ANAL > Sib itsr e»am.fsation the effect', of interaction among ihe elements 
of a afKj me? total 

SYSTEMS APf^hiJACH a ^tiatcigv of definition and lolution 

.nieraii.on» ;»n.ong prUslem elements arsd briwee«\ the .mnsediaie problem and .’S larger 

Lonteki siswd, tally avoids usdependent or ad fsot irrsalinent 0» the vanOuS elements 

USE H REOuiREMENTS ttx^se icuunenswUs ur.ginat.fsg .n the activities of various users 
•hat ‘-1-11 si be bs |>r ugf aiintu ng de^gi torntrutlion and operation of a buildifig 

U ! IL I f it b Olb T HiBU T lON piumbmg arid elc^lt M.al disir ibulion 
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